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Preface 



These guidance notes replace the Code of practice for the Protection of Persons against 
Ionizing Radiations arising from Medical and Dental Use first published in 1957 by the 
Health Departments. 

The code of practice, intended primarily for the protection of persons exposed to ionising 
radiations in hospitals in the National Health Service, had been prepared by the standing 
advisory committee set up to advise Ministers under the Radioactive Substances Act 1948. 
Revised editions were published in 1964 and 1972, and the scope was enlarged to cover all 
forms of medical and dental practice and allied research involving human subjects. 

The functions of the Radioactive Substances Advisory Committee were assumed by the 
National Radiological Protection Board (NRPB) under the Radiological Protection Act 
1970, and it was agreed with the Health Departments that the Board would be responsible 
for preparing further editions of the code. The title has been changed, to ‘guidance notes’, 
to avoid confusion with approved codes of practice issued under the Health and Safety at 
Work etc. Act 1974.* 

The new guidance notes have been prepared by the NRPB with the aid of an advisory 
group, officials from the Health Departments, and after wide consultation with appro- 
priate professional and specialist bodies. Although substantially based on the old ‘code of 
practice’ they also reflect the recommendations of the International Commission on Radio- 
logical Protection including publication 26, the Council of the European Communities 
Directive of 15 July 1980 amending the basic safety standards for the health protection of 
the general public and workers against the dangers of ionising radiation, and the require- 
ments of the Ionising Radiations Regulations 198 — and the associated approved code of 
practice. 

The Health and Safety Executive has participated closely in the preparation of these 
guidance notes and regards them as providing appropriate working guidance on the 
requirements of the regulations and approved code of practice. {Note It is intended that the 
foregoing will appear in the final version of these guidance notes. However, although HSE 
staff were on the advisory group, HSE has not yet considered whether the text is 
compatible with the draft regulations and approved code of practice. When it has done so, 
it will comment to the NRPB on any discrepancies that it identifies.) 



*In Northern Ireland, the Health and Safety at Work (Northern Ireland) Order 1978. 



iii 



Printed image digitised by the University of Southampton Library Digitisation Unit 



Medical and 
Dental Advisory 
Group 



P F Beaver BSc, MlnstP, FINucE (Health and Safety Executive) 

M Davison MA, DPhil, FInstP 

T J Deeley MB, ChB, DMRT, FRCR (Welsh Office representative) 

R E Ellis, BSc, Phd, (deceased) 

J R Gill MA PhD, CChem, MRSC (HSE) 

B E Godfrey MSc, MlnstP (Department of Health and Social Security) 

W F Gunn BSc, MIEE, CEng, FInstP (Scottish Home and Health Department) 

C N Hudson MA, MB, FRCS, FRCOG 

A S McLean CBE, MB, ChB, DIH, FRCP, FFOM (deceased) (National Radiological 
Protection Board) 

S Rae MB, ChB, FRCP, FFCM (NRPB) 

J C A Raison MD, MB 
BChir, MFCM (NRPB) 

R T Roger BSc, FInstP (DHSS) 

W M Ross TD, DL, MD, FRCS, FRCR 
K A Rowley MB, ChB, DMRD, FRCR 
Professor N J D Smith MPhil, MSc, BDS 
D S Wilkinson FCR 

Professor E S Williams BSc, PhD, MD, MB, BS, FRCP 
R Winyard MSc, PhD, MlnstP (HSE) 

Secretary 

MJ Butler MA (NRPB) 



Note 

In these guidance notes 

‘must’ indicates a legal requirement; a reference to the source is given. 

‘it is essential that’ is used to describe a practice to be regarded as essential in good radio- 
logical practice. 

‘should’ refers to requirements of the approved code of practice, when a 

source is given. 

Without a reference, it indicates a desirable procedure. 

For further explanation see ‘Introduction’. 
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These guidance notes have been prepared for those who use ionising radiation in medical and dental 
practice and in allied research involving human subjects. The recommendations apply equally to 
hospitals, clinics, laboratories and private practice, medical departments in industry and to any 
other place, either within or outside the National Health Service, where human subjects are irradi- 
ated for diagnostic, therapy, research or other medical or dental purposes, or where in vitro medical 
tests are conducted. 

Ancillary activities such as the maintenance, testing and calibration of equipment and the storage 
and disposal of radioactive materials are also covered by these notes so far as they are carried out 
in such premises. The guidance notes indicate procedures for the protection of all persons who 
may be exposed, that is to say all employed and self-employed persons, apprentices and students, 
patients, volunteers in research projects and members of the public. Those using radiation in 
research should also consult the guidance notes for research and teaching prepared by the Board,* 

Users of ionising radiation in medicine and dentistry must comply with the Ionising Radiations 
Regulations, 198-. They are also required to follow the Approved Code of Practice on Ionising 
Radiations issued by the Health and Safety Commission, unless the legal requirements have been 
met in some other equally effective way. 

These guidance notes give advice as to how the requirements of the approved code can be met. 

They also cover many other matters concerning protection against ionising radiation, for example 
the protection of the patient, and are intended to form a comprehensive guide for workers in the 
medical and dental field. The requirements of the regulations and approved code, as well as other 
relevant legislation and important publications, are quoted, summarised or referred to. However, 
these notes should not be considered as giving an exact legal interpretation of these documents; 
senior managers. Radiation Protection Advisers, administrators and those concerned, for instance, 
with the ordering of equipment will sometimes need to consult the original texts. Absence of a 
reference should not be taken as meaning that there is no legislative or approved code requirement. 

The word ‘must’ is used in these notes where there is a legal requirement, and a reference to the 
source is given. In the previous code this word was used to indicate an essential requirement in 
the sense of good radiological practice. This type of requirement is now identified by the words 
’it is essential that’. The word ‘should’ is used in referring to the approved code of practice, in 
which case the relevant reference is made. It is also, as in the previous code, used to indicate a 
desirable requirement. The two senses can be easily distinguished. These forms of use are 
summarised in the note on page iv. 

It is realised that recommendations need to be adapted to local circumstances; for example, a 
measure intended to protect staff might be contrary to the interests of a patient. WMle a ‘should’ 
may be disregarded, so long as it does not stem from the approved code, it is recommended that 
departure from an ‘essentiaT recommendation or ‘should’ when stemming from the approved code, 
should be permitted only when specifically authorised by the controlling authority. It is highly 
desirable that the decision should be made only on the advice of a Radiation Safety Committee or 
Radiation Protection Adviser and that it should be recorded. 

The guidance notes are based on, and replace, the Code of Practice for the Protection of Persons 
against Ionizing Radiations arising from Medical and Dental Use, 3rd edition 1972. The material 
has been rearranged so as to group similar paragraphs in a more consistent way, e.g. those dealing 
with equipment, installation, calibration, operation, etc. but no attempt has been made to identify 
the people to whom the requirements and recommendations are directed; this will depend on 
local circumstances and organisation. 



*A consultative version of which will be published by HMSO shortly. 
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Limitation of 
radiation dose 



General principles 

1 The International Commission on Radiological Protection (ICRP) has laid down the following 
basic principles: 

(a) no practice shah, be adopted unless its introduction produces a positive net benefit; 

(b) ah exposures shah be kept as low as reasonably achievable, economic and social factors being 
taken into account; 

(c) the dose equivalent to individuals shah not exceed the hmits recommended for the appropriate 
circumstances by the Commission. 

2 Comphance with the first principle is considered in paras 141 to 174, Although the practice of 
medical and dental radiology is considered to be justified in general it is necessary to consider each 
individual case before deciding whether a particular radiological examination should be made, 
treatment carried out or a research project involving human subjects undertaken. 

3 The second principle underhes the guidance given in the other chapters of these Guidance 
Notes. It calls for continual reappraisal of the lowest exposure necessary to achieve the intended 
benefit. The ionising radiations regulations reflect this principle; the ‘responsible person’ must 
‘take all reasonably practicable steps to restrict the extent to which all persons are exposed to 
ionising radiation’ (Reg 7). In addition to the initial measures, all procedures should be kept under 
regular review, and equipment frequently re-examined to ensure that this requirement is being 
complied with. There should be a continuing appraisal of the doses being received, or hkely to be 
received, to help ensure that they are as low as reasonably practicable (ACl/23). This regulation, 
however, appHes only when the radiation arises from work with ionising radiation, and not to 
medical exposure*, whereas the guidance notes consider persons receiving a medical exposure as 
well as workers and members of the public. 

4 Requirements on dose limits in Reg 8 give effect to the third principle. Dose limits apply both 
to persons at work and to members of the public, but not to the doses deHvered to patients or to 
volunteers participating in approved medical research projects. However, in practice the dosest to 
volunteers wiU nearly always be within the dose limits (see para 169). A dose in excess of the dose 
limits would not necessarily have biological significance. 

Dose limits for workers 

5 The dose Hmits for occupationally exposed workers aged 18 years or over are given in Table 1 . 
They apply also to adults under training for employment involving occupational exposure. For 
those between the ages of 16 and 1 8 who are considered to be under training for radiological work, 
the annual limits are three-tenths of those m the table; for aU other persons the annual limits are 
one-tenth of those in the table. 

6 The dose limits apply to the sum of the dose equivalent received from external sources during 
working hours and the committed dose equivalent (see Appendix 1) due to internal sources taken 
into the body in the course of work. The total does not include exposure to natural background 
radiation or any medical exposure which occupationally exposed persons may receive as patients 
or as volunteers in a medical trial approved by an ethics committee. Annual limits are for a calendar 
year; the quarterly limit is for any period of three months (Schedule 1). 

7 The effective dose referred to in Table 1 is given by the expression SjWtHt where Wj is a 
wei^ting factor recommended by ICRP^®^ for each organ or tissue (T) given in Table 2 and is 
the annual dose equivalent or annual committed dose equivalent in the organ or tissue. 

8 The five other organs to be considered are those receiving the highest dose equivalents, not 
including the hands and forearms, the feet and ankles, the skin and the lens of the eye. The exposure 
of aU other organs or tissue can be neglected. When the gastro-intestinal tract is irradiated, the 
stomach, small intestine, upper large intestine and lower large intestine are treated as four separate 
organs. 

9 It should be noted that the dose limit in Table 1 for ‘any other organ or tissue’ is subject also 
to the limit on effective dose. For the gonads, breast, red bone marrow and lung, the limitations on 

*An exposure comes within the definition of hnedical exposure’ only if it is conducted in pursuance of a request 
or requirement made by a fully or provisionally registered medical or dental practitioner or some other suitably 
qualified person (Reg 2). 

t‘I>ose equivalent’ (see Appendix 1) is frequently abbreviated in these guidance notes to ‘dose’. 
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Table 1 Dose limits for occupationally exposed workers aged 18 years or over 





Annual limit 


Other limit 


Whole body 


50mSv (5 rem) 




Effective dose (from 
partial body exposure) 


50 mSv (5 rem) 




Abdomen of woman of 




13 mSv (1.3 rem) 


reproductive capacity 




in a quarter 


Foetus of pregnant 




10 mSv (1 rem) between 


woman 




declaration of pregnancy 
and delivery 


Lens of the eye 


300 mSv (30 rem) 




Skin (averaged over 
any area of 100 cm^)+ 


500 mSv (5 Orem) 




Hands, forearms, feet 
and ankles 


500 mSv (50 rem) 




Any other organ or 
tissue (average in organ) 


tSOO mSv (50 rem) 





2 

100 cm applies to doses from radioactive contamination; a smaller averaging area should be used for radiation beams, 
t See para 9. 

[This table has been compiled from the requirements of the Council of the European Communities’ Directive'' . Schedule 1 of the regulations (Schedule of 
dose limits) shows minor differences, in particular a lower dose limit for the lens of the eye, replacement of ‘foetus’ by ‘abdomen’ for a pregnant woman and 
the application of the ‘other limits’ to external radiation only]. 



Table 2 



Organ or tissue 




Gonads 


0.25 


Breast 


0.15 


Red bone marrow 


0.12 


Lung 


0.12 


Thyroid 


0.03 


Bone surfaces 


0.03 


Each of 5 others 


0.06 



effective dose wOl result in limits for these organs lower than 500 mSv; if any of these organs could 
be irradiated without any dose to other parts of the body the annual limit would be mSv. 

10 For exposure to external radiation the detailed distribution of dose in the body will not 
normally be known, in which case the dose limit for the whole body applies to the ‘deep dose 
equivalent’ and the dose limit to the skin to the ‘shallow dose equivalent’ (see Appendix 1). These 
quantities may be taken to be the quantities measured by personal dosemeters. They are approxi- 
mately equal to the ‘deep dose equivalent index’ and the ‘shallow dose equivalent index’ use of 
which are advocated by 

1 1 For internal exposure of the body, resulting from the intake of radionuclides by inhalation or 
ingestion, by absorption through the skin, or by entry through wounds, it is difficult to apply the 
dose limits directly. It is more convenient to employ annual limits on intake (ALI) which have 
been derived by ICRP for all the radionuclides of interest^^^^ (see Appendix 1). When exposure 
results from inhalation or ingestion, compliance with these limits will ensure that doses to adult 
workers do not exceed any of the annual dose limits. 



12 When exposure to both external and internal radiation occur together the annual dose Hmits 
will not be exceeded if: 



(a) Hd 



H 



+ S 



h 



E,L Ij,L 

where is the deep dose equivalent for external radiation received during the year, 
H£ L is the annual limit of effective dose equivalent. 



<1 



li 



is the intake during the year of the radionuclide j, 
and Ij^L is the annual limit on intake for the radionuclide j . 

(b) The shallow dose equivalent does not exceed the skin dose limit. 
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Exposure in excess of the dose limits 

13 Planned special exposures, which are liable to lead to doses exceeding the dose limits, may be 
needed in exceptional circumstances when alternative techniques which do not involve such 
exposures cannot be used. Such occasions are unHkely to arise during medical and dental uses of 
ionising radiations. Only classified persons (see paras 66—70) who have volunteered and who are 
not women of reproductive capacity may be subjected to a planned special exposure and prior 
authorisation by HSE* is required (see para 46) (Reg 10). 

14 A person who is thought to have received a dose exceeding any of the dose limits must not, 
during the remainder of the current period, continue to receive a dose of more than 0.1 mSv 

(10 mrem) in any week or to enter a controlled area (see paras 54 to 65) (Reg 8) (see also para 48 
regarding the investigation of the overexposure). However, where an annual limit has been exceeded 
these restrictions may be removed if, with the agreement of the appointed doctor (see para 102) 
and after the radiation protection adviser (see para 25) has been consulted, a certificate of excep- 
tional exposure has been obtained (see para 46) (Regs 8 and 10 and ACl/55), The conditions for 
entering controlled areas (see para 62) will still apply and the person must be a volunteer (Reg 10). 

15 A person for whom a certificate of planned special exposure or exceptional exposure has been 
granted must not receive, in the calendar year, a dose greater than twice any dose limit applicable 
to him (Reg 10). 

16 It is unrealistic to specify dose limits for emergency (unplanned) exposures where justification 
will be the rescue of individuals or the prevention of the exposure of a large number of people. 

In these cases the acceptability of the dose will depend on the importance of the objective. 

Dose limits for members of the public 

17 The dose limits for members of the public are one-tenth of the annual limits given in Table 1 . 
The term ‘members of the pubHc’ includes visitors and those waiting for medical examination or 
treatment. 

18 Although the regulations specify the same dose limits for all adult workers, it is expected that 
those whose work is not concerned with ionising radiation will not receive doses exceeding the dose 
limits for members of the public as a result of their proximity to radiological work (AC 1/29). 



*In Northern Ireland, the Department of Manpower Services 
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AdniillistrativC Responsibility and organisation in hospitals and other health care establishments 

19 Most radiological practice in the United Kingdom is carried out in relatively large institutions 
such as hospitals or nursing homes although with an important small element in smaller establish- 
ments. In these guidance notes responsibility and organisation are considered separately for large 
and small establishments although there is no legal distinction. This section is concerned with the 
larger type of establishment; smaller establishments are considered in paras 29 to 34. 

20 The ultimate responsibihty for protection measures Hes with the controlling authority*. The 
authority is responsible for the protection of all workers (whether or not they are employed by 
the authority), students, patients* and members of the pubUc on their premises. This responsibility 
derives from Sections 2(1), 3(1), and 4 of the Health and Safety at Work etc. Act 1974t^'^^ and 
cannot be devolved. The controlling authority is the ‘responsible person’ as defined in the Ionising 
Radiations Regulations 198-^*\ These regulations distinguish between the responsibilities of the 
responsible person and the employer but this distinction is not made in these guidance notes (see 
Reg 3 and ACl/7— 13, 23, 30, 48 and 102 regarding co-operation between the employer and the 
responsible person). 

21 Where contractors are involved. Section 4 of the HSW Act (Article 6 of the Northern Ireland 
Order) says that such people are to be treated as if they were ‘persons having control’ of the 
matters covered by their contractual obligations. As such they have a duty to take measures to 
ensure that their undertaking is safe and without risks to health but only to the extent to which 
they are obliged by their contracts. The controlling authority will also have its own duties to 
discharge in respect of Section 4 and therefore when contractual arrangements are entered into it 
will be necessary to ensure that each party fuEy understands the extent of its own responsibEity. 
Such arrangements will be necessary in respect of, for example, maintenance contractors and 
agency staff. 

22 A division of responsibility may also be necessary in respect of Section 6 of the HSW Act 
(Article 7 of the Northern Ireland Order) which deals with the general duties of manufacturers, 
importers and suppHers as regards articles for use at work. For example, the point at which 
responsibihty for new equipment passes to the controlling authority wiE need to be understood 
since an employer’s general duties under Section 2 of the Act extend to the provision of plant. 

This is particularly important if on the basis of a written undertaking the controlling authority 
wishes to relieve the suppEer, contractor etc. from the duty imposed by Section 6. Some arrange- 
ments may also be necessary when equipment is transferred from one establishment for use in 
another. The duties of manufacturers, importers and suppHers under Section 6 of the Act are 
extended by Regulation 34 to ensure that radiation protection is a factor designed and buEt into 
the articles suppEed (AC 1/227). 

23 To assist in the discharge of its duty it is essential that the controlling authority of a larger 
type of establishment sets up a radiation safety committee. The arrangements should suit local 
circumstances. The committee’s functions are to consider the reports of the radiation protection 
adviser, to inform the controlling authority at least every 12 months of the state of protection 
arrangements and, where any specific problems arise, to advise the controEing authority on any 
further measures which may be necessary. These functions extend to aE health centres and dental 
cEnics under the control of the controlling authority. The composition and functions of the 
radiation safety committee may not be the same as those of a safety committee set up under the 
Safety Representatives and Safety Committees Regulations 1977^'^^ (and the equivalent Northern 
Ireland regulations) unless specificaEy agreed to be so. 

24 In every department where radiation is used the responsibEity for ensuring that regulations, 
the approved code of practice and these guidance notes are observed inevitably Ees with the head 
of the department, having regard to arrangements made by the radiological safety organisation of 
the institution. Where X-ray equipment is used outside a radiological department the responsibEity 
for observance Ees with the head of the radiological department in conjunction with arrangements 
made by the radiological safety organisation and the clinician in charge of the patient. When radio- 
active substances are administered to patients, safety measures outside the diagnostic, radiotherapy 
or nuclear medicine department, e.g. in wards and operating theatres, are the responsibEity of the 
clinician in charge of the patient or of a clinician specialising in radiation to whom he has referred 



measures for 

radiological 

protection 



*See Appendix 7. 

fin Northern Ireland, Articles 4(1), 5(1) and 6 of the Health and Safety at Work (Northern Ireland) Order 
X97gW 
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the patient. Such arrangements should be explicit and endorsed by the radiological safety organis- 
ation of the institution. For volunteers in research projects responsibility remains with the head of 
department. 

25 Since the controUing authority will require advice on many aspects of radiation safety and on 
methods of complying with the regulations, it should appoint a radiation protection adviser 
(ACl/78). He must be suitably qualified and experienced in radiation protection in relation to the 
work done at the establishment and he must be informed of the scope of the advice that he may be 
called upon to give (Reg 13). More than one radiation protection adviser should be appointed if the 
range of relevant duties or the complexity of the processes so warrants (AC 1/80). The radiation 
protection adviser should be provided with adequate accommodation, equipment and supporting 
staff (AC 1/81). He should regularly visit the hospitals and departments to which he has been 
appointed, to review, in consultation with the heads of departments, protection measures. Subjects 
on which his advice should be sought are listed in AC 1/82. 

26 To provide immediate special supervision and to ensure that protection measures are carried 
out, one or more persons with a sound working knowledge of radiological protection in relation to 
the work which they are to supervise should be appointed as radiation protection supervisor 
(ACl/93). It is considered essential to have a radiation protection supervisor (analogous to the 
radiological safety officer of the previous code of practice) in every department where radiation 
sources are used. The head of department should be consulted about the appointment; it should 
be from among the fulltime employees in the department (ACl/93). The advice of the radiation 
protection adviser should also be sought (ACl/95). The radiation protection supervisor may need 
special training (see para 79). Where radiation sources in his care are used outside the department 
in an area for which there is no separate radiation protection supervisor, protection measures 
remain his concern. He should report immediately to the head of department on unsatisfactory 
conditions and propose measures to remedy them. The head of department, in consultation if 
necessary with the radiation protection adviser, should decide what action is to be taken. The 
appointment of radiation protection supervisors should be reviewed periodically so that the 
controlUng authority is satisfied of the continued suitability of the persons chosen. Appointments, 
and termination of appointments, should be in writing and the names of the radiation protection 
supervisors should be displayed in the areas for which they are appointed (ACl/93 and 96). 

27 If classified persons (see 66—70) are to be employed, the controUing authority must arrange 
for their medical surveUlance by an ‘appointed doctor’ or by an employment medical adviser 
(Reg 19). If there are no classified persons it is, nevertheless, regarded as essential that, where 
there is substantial use of radiation sources in medical practice, a doctor with similar duties 
(analogous to the supervisory medical officer of the previous code of practice) be appointed to 
oversee radiological protection. An ‘appointed doctor’ means a registered medical practitioner, 
possibly, but not necessarily, on the staff of the establishment, who has been appointed in writing 
by the Health and Safety Executive. An employment medical adviser is one who has been appointed 
under Section 56 of the Health and Safety at Work etc. Act 1974*. The functions of the ‘appointed 
doctor’t are described in paras 95 to 105. 

28 It is essential that the controUing authority makes arrangements for an effective system of 
internal communications. In addition to the persons mentioned above, the safety representatives 
must be provided with information in accordance with the Safety Representatives and Safety 
Committees Regulations 1977^'^^; this would include advice given by the radiation protection 
adviser and copies of investigation reports. An example of the administrative organisation for 
radiological safety, showing lines of communication, is given in Appendix 2. 

Arrangements in smaller establishments and practices 

29 In smaller health organisations the ‘responsible person’ may be an individual, a partnership or 
corporate body. He is responsible for the protection of aU persons, including employees (if any), 
patients and members of the public on his premises and for protecting himself. Since he wiU be 
able to exercise personal control the radiological protection arrangements can be simpler. 

30 A radiation protection adviser should be appointed if advice is needed on radiation safety 
or on methods of complying with regulations, particularly if the work gives rises to a controUed area 
(see paras 54 to 65) which anyone other than the patient needs to enter (ACl /78). An appoint- 

*In Northern Ireland, Article 48 of the Health and Safety at Work (Northern Ireland) Order 1978. 
fThis term will be used in these guidance notes to include an employment medical adviser. 
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ment will not usually be necessary in dental practices when it is unlikely that the dentist or his 
staff will enter a controlled area (see para 261). A radiation protection adviser must be suitably 
quahfied and experienced in radiation protection (Reg 13); the most appropriate arrangement for 
a small establishment is to appoint an outside consultant or specialist organisation, whose services 
can be called on as and when required. 

31 A person with a sound working knowledge of radiological protection, who is a (preferably 
full-time) member of staff, should be appointed as a radiation protection supervisor (ACl/93). 
Alternatively, the person in control of the practice may act as his own radiation protection 
supervisor. If there is a radiation protection adviser he should be consulted regarding the appoint- 
ment and the duties it entails (ACl/95). Appointments, and termination of appointments, should 
be in writing and the name of the radiation protection supervisor should be displayed where those 
employed can see it (ACl/93 and 96). 

32 If there is a need to designate any member of staff as a classified person (see paras 66—70), 
the services of an ‘appointed doctor’ or employment medical adviser wiU be required. The local 
office of the Employment Medical Advisory Service f wiU supply the names of doctors who may 
be approached. 

33 Attention should be given to the arrangements for protecting agency and contractors’ staff 
(see para 21). 

34 The term ‘Controlling Authority’ throughout these guidance notes includes the person in 
control of a smaU practice. AU the requirements for workers/employees apply to self employed 
persons. 

Notifications and authorisations 

36 The controlling authority must give notice to HS Et (normaUy 28 days in advance) 
before commencing work involving radioactive substances or the operation of a machine or 
apparatus in which charged particles are accelerated through a potential difference of more than 

5 kV (Reg 5(1)). If such work is already being done when the ionising radiations regulations come 
into force HS Et must be notified within 28 days (Reg 5(3)). The only medical or dental 
work with ionising radiations which will be exempt is that involving the care of persons to whom 
radioactive substances have been administered medicinaUy (Schedule 5 of the regulations). Notifi- 
cation is therefore required for a hospital where radioactive substances are administered but not 
for one to which the patient is transferred for nursing (provided that no other work with ionising 
radiation is carried out there). Certain particulars have to be given and form no. 00* must be 
completed in accordance with the notes attached to it (Reg 5(1) and ACl/16). Some additional 
particulars may be asked for by the Health and Safety Executive. There will normally be no need 
to notify changes in the work. 

37 The name, qualifications, experience and status of the radiation protection adviser who has 
been appointed, and the scope of the advice that he may be called on to give, must be notified to 
the Health and Safety Executive (Reg 13(3)). If the radiation protection adviser is a corporate body 
or partnership the same particulars of individuals who would give that advice should be supplied 
(ACl/83). Any changes should be notified. 

38 The person in control of every small practice and the controlling authority of every hospital 

or larger establishment outside the N H S must apply, under Section 1 of the Radioactive Substances 
Act 1960^^\ to the Secretary of State for the Environmentt for registration of premises where 
radioactive substances are to be kept or used. National Health Service premises in England, Wales 
and Scotland are specifically excluded from this provision, but health memorandum HM(63)14^^°®^ 
requires a NHS hospital in England or Wales to inform the Department of the Environment or the 
Welsh Office, respectively, if it keeps or uses radioactive material. NHS hospitals in Scotland are 
similarly required by health memorandum SHM(63)18^^®^^ to inform the Scottish Development 
Department. In Northern Ireland NHS hospitals are not exempt from registration. The certificate 
of registration will specify certain conditions, normally including a requirement that the keeping 
and use of registered sources or registered substances is supervised by a person(s) who will ensure 
that the conditions are complied with. 

$In Northern Ireland, the Employment Medical Advisory Service for Northern Ireland. 

fAs enforcing authority of the Health and Safety at Work etc. Act for the type of premises where work covered 
by these guidance notes is carried out. In Northern Ireland, the Department of Manpower Services must be 
notified. 

♦Obtainable from the Health and Safety Executive. 

fin Wales or Scotland, the respective Secretary of State. In Northern Ireland, the Department of the Environment 
for Northern Ireland. 
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39 The controlling authority must apply to the Secretary of State for the Environment* for 
authorisation under Sections 6 and/or 7 of the Radioactive Substances Act 1 960 if it is likely to be 
necessary to dispose of, or accumulate, non-exempt radioactive waste. National Health Service 
hospitals must, in this respect, follow the same procedure as other users. There are a number of 
exemption orders which give conditional exemption from authorisation including the Waste 
Closed Sources Exemption Orders and the Hospitals’ Waste Exemption Orders^^^”^*^^ (see paras 
686 and 687). 

40 Copies of the certificates of registration or authorisation must be kept posted on the premises 
(Section 11 of the Radioactive Substances Act 1960). 

41 The Health and Safety Executivef must be notified: 

(a) following any incident in which radioactive material of activity exceeding that shown in 
column 2 of Table 3 has been dispersed other than by a route specified in an authorisation to 
dispose of radioactive waste (Reg 6(1)). This refers to dispersal into the workplace or general 
environment; dispersal inside a fume cupboard or glove box would therefore not necessarily 
be notifiable (AC 1/1 9); 

(b) following a fire or explosion involving an activity exceeding that shown in column 2 of Table 3 
(Reg 6(1)). Notification is required whether or not any material has been dispersed; 

(c) if a sealed source or unsealed radioactive material of activity exceeding that shown in column 
3 of Table 3 has been reported lost or stolen and not found or recovered within 24 hours 
(Reg 6(3)). 

42 The Secretary of State for the Environment* must be notified (through the Radiochemical 
Inspectorate$) if any registered source or registered substance is lost or stolen or if a registered 
source is broken or damaged or radioactive material has escaped from it (standard conditions of 
registration under the Radioactive Substances Act 1960). The same procedure should be followed 
in NHS hospitals which do not need to be registered. 

43 The police must be notified of any loss or theft which is notifiable to the Secretary of State 
for the Environment (or the corresponding Secretary of State or Department) or to the Health 
and Safety Executivef (standard conditions of registration and Reg 6(3)). 

44 The Health and Safety Executivef must be notified: 

(a) if a worker or member of the public has received an overexposure or a suspected overexposure 
(Reg 9(4) and (5)); 

(b) if a patient, while undergoing a medical exposure, has been exposed to a much greater extent 
than that intended because of a defect in or malfunction of the equipment (Reg 30(2)). 

In the case of (a) the controlling authority must notify HSE as soon as possible after it has itself 
been informed (unless an immediate investigation shows that there had in fact been no over- 
exposure) and later send the results of the detailed investigation (see para 48). In the case of (b) 
notification of the exposure is required only after an investigation has confirmed that it was much 
greater than intended (para 50). 



Table 3 Activities above which notification is required 



1 

Radiotoxicity class § 


2 

Dispersal, fire, explosion 


3 

Loss 


1 


3MBq( SOmCO 


5 kBq (140 nCi) 


2 


300MBq( 8mCi) 


50kBq(1.4MCi) 


3 


30 GBq (800 mCi) 


500 kBq ( 14/iCi) 


4 


3TBq( 80 Ci) 


5 MBq (140 juCi) 


5 


300 TBq { 8 kCi) 


Unlimited 



table 3 

The activities in column 3 are the ‘minimum notifiable quantities’ in connection with Reg 5(4) 
[The NRPB is reviewing the activities shown in this table] 



*In Wales or Scotland, the respective Secretary of State. In Northern Ireland, the Department of the Environment 
for Northern Ireland. 

fin Northern Ireland, the Department of Manpower Services. 

tOr, as appropriate, the Environment Protection Unit, Welsh Office, HM Industrial Pollution Inspectorate for 
Scotland, the Alkali and Radiochemical Inspectorate for Northern Ireland 
§See Table 7 or Schedule 2 to the regulations 
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45 Within the NHS, the controlling authority has a duty to notify immediately the Department 
of Health and Social Security, the Welsh Office or the Scottish Home and Health Department or, 
in Northern Ireland, the Department of Health and Social Services, of accidents and serious defects 
in medical supplies and equipment, in accordance with health service memoranda and 
circulars^^®^’^^®’^^^”^^^^. 

46 A planned special exposure may be given only if HS E* has issued a certificate of 
plarmed special exposure (see para 13). The special restrictions placed on a person who has received 
an overexposure may be removed only if HSE has issued a certificate of exceptional exposure (see 
para 14). 

47 Prior authorisation by the health ministers must be obtained before any radioactive substances 
may be administered to a human subject for purposes of diagnosis, treatment or research (The 
Medicines (Admmistration of Radioactive Substances) Regulations 1978^^^^. Applications for 
authorisation should be made in accordance with the notes for guidance^®^^ issued by the Depart- 
ment of Health and Social Security (on behalf also of the Welsh Office, the Scottish Home and 
Health Department and the Department of Health and Social Services in Northern Ireland). Such 
authorisation may be granted only to a registered doctor or dentist, but a person acting under the 
direction of an authorised practitioner may administer a radioactive substance. ‘Administration’ 
includes interstitial and intracavitary therapy, the use of surface applicators, intravenous and oral 
administration of unsealed radioactive materials and intentional activation in vivo by neutron 
irradiation (The Medicines (Radioactive Substances) Order 1978^^®^). Authorisation is not required 
for teletherapy or the insertion of nuclear-powered cardiac pacemakers. 



Investigations 

48 If any person thinks that he or another person has received a radiation dose exceeding any of 
the relevant dose limits, he must inform the controlling authority (Reg 9(2)). The controlling 
authority might alternatively learn of the overexposure of one of its staff through a communi- 
cation from the approved laboratory (see para 112). Unless an immediate investigation shows that 
the report was false, the controlling authority must arrange for a detailed investigation after first 
notifying HSE (see para 44) and (if the person is a worker) the appointed doctor (see para 101) 
(Reg 9). The investigation should be made in consultation with the radiation protection adviser 
and its objectives should be; 

(a) to obtain the best estimate of the dose or intake, 

(b) to determine (if a significant dose has been received) what action is necessary to prevent a 
recurrence, 

(c) to indicate whether any persons need to be classified (see paras 66—70 (ACl /48 and 49)). 

The results of the investigation must be sent to HSE, the person affected and (if the person is a 
worker) the appointed doctor (Reg 9). The estimated dose must be entered in the dose record 
where there is such a record (see para 1 12) (Reg 9(6)); if this affects an existing entry in the 
record, approval of a special entry will be required (see para 115). A record of the investigation 
must be kept for 50 years (Reg 9(6)). 

49 In the case of a person for whom a certificate of planned exposure or of exceptional exposure 
has been issued, the action described m para 48 should be taken if it is thou^t that he has received 
a dose of more than twice an annual dose limit. 

50 If a member of staff believes that a patient has received an absorbed dose (or integral dose) 
much greater than intended because of an equipment faultt, he must inform the controlling 
authority, which must then carry out an investigation (Reg 30(2)) (see also paras 44 and 45), The 
investigation, which should be carried out in consultation with the radiation protection adviser, 
should have as objectives: 

(a) to decide whether or not the patient was excessively exposed, taking into account the opinion 
of the doctor, dentist etc., concerned; 

(b) to establish the cause of the incident and identify the fault; 

(c) to determine what action is necessary to present a recurrence. (AC 1/2 18 and 219) 

A record of the investigation and action taken to prevent a recurrence must be kept for 30 years 
(Reg 30(3)). There are no statutory requirements where the incident was due to human error or to 

*In Northern Ireland, the Department of Manpower Services. 

fThis refers to equipment which delivers ionising radiation to the patient and to its exposure controls. 
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faults in. ancillary equipment but it is nevertheless essential to make a thorough enquiry and to 
take steps to prevent it from happening again. 

[For uniformity with para 48 the record should be kept for 50 years.] 

51 Where the dose records (see para 112) indicate, or there is other reason to think, that a group 
of workers or an individual worker has received an effective dose during the calendar year exceed- 
ing 15 mSv (1.5 rem) the controlling authority must arrange for an investigation by the radiation 
protection adviser to ensure that the doses are as low as reasonably practicable (Reg 7 and ACl/24 
and 25). This investigation should be carried out as soon as possible after the receipt of the particu- 
lar dose record or of the effective dose exceeding this level; an interim report should be made if it 
is not possible to complete the investigation within three months (ACl/26). Where the working 
situation has previously been investigated for this purpose the previous investigation should be 
reviewed. The radiation protection adviser should report the results of his investigation to the 
controlling authority, and if appropriate make recommendations for any reasonably practicable 
measures that would reduce future exposures. In general, where measures have already been taken 
to reduce dose to as low as reasonably practicable, further recommendations for reduction would 
not be expected. If the controlling authority cannot accept any such recommendations that are 
made it should state its reasons to the radiation protection adviser in writing (AC 1/27) with a copy 
to the safety representative (see para 28). 

52 The Health and Safety Executive will be informed about doses exceeding 30 mSv (3 rem) in a 
calendar quarter (see para 112) and may initiate a special enquiry whether or not a dose limit has 
been exceeded. 

53 Other types of investigation are described in paras 65,114,115 and 717. 

Designation of areas 

54 The controlling authority must designate as a ‘controlled area’ any area under its control 
where any person might receive a dose or committed dose, other than from natural background or 
medical exposure, exceeding three-tenths of any of the annual dose limits for adult workers (Reg 
12(1)). Where conditions are such that persons might receive more than one-tenth but less than 
three-tenths of the annual dose limits the controlling authority must designate that area as a 
‘supervised area’ unless it has been designated as ‘controlled’ (Reg 12(1)). 

55 In order to determine whether an area needs to be designated, the controlling authority should 
consult the radiation protection adviser, except in ordinary dental radiography for which a special 
method may be used (see para 261) (ACl/58). An assessment is necessary for all new installations 
and should be repeated periodically, or after a significant change in equipment or methods of work, 
as recommended by the radiation protection adviser. 

56 The occupancy factor of an area must not be taken into account when considering the need 
for designation (Reg 12(1)). The doses liable to be received are therefore those which would be 
received by a person, not wearing protective clothing, who spends the whole of his working time 
(usually considered to be 40 hours per week and 50 weeks per year) in the area. The work load in 
X-ray rooms may, however, be taken into consideration by the radiation protection adviser as long 
as it is spread over the week. Where an X-ray room is used for only, say, one day per week, it must 
be assumed that similar work is carried out on the other days (Reg 12 refers to ‘the pattern of 
operation of any source of ionising radiation, were it to be continued’). 

57 Other factors which may be taken into account by the radiation protection adviser when 
considering the designation of X-ray rooms, wards, laboratories etc., are listed in ACl/60. In areas 
where unsealed radioactive substances are used he will normally base his decision on the activities 
of the radionuclides which will be present in relation to their ALFs or radiotoxicity class but he may 
also wish to include other factors (see para 436 and Appendix 1). [The N R P B does not consider 
that it is normally appropriate to use surface contamination as a designation criterion (see ACl/58). 
Derived limits for surface contamination are given in Appendix 5 and should be regarded as action 
levels for decontamination (see also para 553).] 

58 The full extent and precise location of controlled or supervised areas should be described in 
the local rules (see paras 71 to 76) by reference, so far as is practicable, to fixed features such as 
walls and other barriers; for mobile sources the description should refer to distances from the 
source and, if necessary, the patient (ACl/64 and 65). An area larger than strictly necessary may 
be designated as a controlled or supervised area in order to make use of natural boundaries; for a 
controlled area this is not always acceptable as it might result in the inclusion in the area of people 
who would otherwise be outside. A supervised area will not be needed if the whole area is con- 
trolled. 



Printed image digitised by the University of Southampton Library Digitisation Unit 



59 Where there might be any doubt, the local rules should explain whether an area has been 
designated on account of external radiation or of internal hazard. Occasionally, an area may need 
to be designated for both reasons. 

60 In order to restrict access to a controlled area there should, where reasonably practicable, be 
an effective barrier at its boundary. Notices should be displayed, particularly at entry points, 
warning that it is a controlled area (ACl/67). A notice should incorporate a radiation warning sign 
(see Appendix 3) and give any necessary information including the reason why the area is a con- 
trolled area, e.g., ‘X-radiation’, ‘intake hazard’. Signs should be as discreet as possible where 
patients will be present and special barriers likely to alarm them avoided; this would apply, for 
example, to mobile radiography in a ward (see para 241). 

61 An area does not necessarily have to remain a controlled area. If an X-ray set has been isolated 
from the electricity supply or if all radioactive sources have been removed (e.g. to a store) the 
designation may be temporarily withdrawn. This will not normally apply to a laboratory where 
unsealed radioactive substances are used because of the difficulty in ensuring that it has been 
sufficiently decontaminated; it might, however, become temporarily a supervised area. 

62 Access to controlled areas must be restricted to classified persons (see paras 66 to 70), workers 
and trainees who are covered by a ‘scheme of work’, visitors as permitted by the local rules, and 
patients (Reg 12(3)). No person who has received an overdose is allowed to enter a controlled area 
unless a certificate of exceptional exposure has been issued (see para 14). Pregnant women should 
not enter controlled areas as classified persons but may do so under a scheme of work. 

63 Entry under a scheme of work is appropriate if the controlling authority is satisfied that the 
operating and working conditions and the system of control and instruction are such that a person 
working in accordance with the scheme is not likely to receive doses more than three-tenths of the 
annual dose limits for adult workers. The scheme of work should be drawn up in consultation with 
the radiation protection adviser and should take account of any other work with ionising radiation 
by persons to whom the scheme applies, such as entry of other controlled areas (AC 1/70). 

64 The scheme of work should include personal monitoring of all, or a representative sample of, 
the persons covered (see para 120) or some other way of monitoring their exposure, possibly 
including control of the time they spend in the area (ACl/71). Records should be kept for two 
years (AC 1/72). 

65 If this monitoring indicates that any person mi^t receive doses greater than three-tenths of 
the annual dose limits an investigation should be held; the scheme of work should then be modified 
and/or persons who are operating under it designated as classified persons (AC 1/73). 

Designation of classifi^ persons 

66 The controlling authority must, after consulting the radiation protection adviser, determine 
in respect of all occupationally exposed persons aged 18 years or more for whom it is responsible, 
whether or not they shall be identified as ‘classified persons’; these are persons whose work or 
training involves exposure to ionising radiations to such an extent that the resulting annual doses 
might exceed three-tenths of any of tbe dose limits (Reg 14). The time that they spend in particu- 
lar areas and the wearing of protective clothing where this is required by the local rules may be 
taken into account. 

67 Though it may be necessary to ‘classify’ a worker who spends a considerable part of his time 
in a controlled area, the alternative procedure of a scheme of work should be considered, particu- 
larly for workers who spend much shorter times in these areas. This will avoid unnecessary classi- 
fication. 

68 A person may be designated as a classified person only if he has been certified fit (possibly 
subject to conditions) by the appointed doctor (see para 97). He may be employed as a classified 
person only when arrangements have been made for assessing his individual radiation dose (see 
paras 106 to 122), 

69 In view of the lower dose limits for persons under the age of 18 years, they cannot be classified 
persons. During pregnancy women should be restricted to working conditions which would not 
require them to be ‘classified’ in order to ensure that the dose limit to the fetus is not exceeded. 
They may nevertheless remain classified persons as explained in the next subsection. 

70 A person should cease to be designated as a classified person if an entry is made in the health 
record (see para 103) that he becomes unfit to be designated (ACl/89). He may also cease to be 
designated when he leaves the employ of the controlling authority. Otherwise he should remain 
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designated throughout the calendar year although personal monitoring may be stopped if he ceases 
to enter controlled or supervised areas. His exposure to ionising radiation should be reviewed at 
the end of the year, in consultation with the radiation protection adviser; designation may be with- 
drawn if it is considered most unlikely, because of changed circumstances, that he will receive 
doses greater than three-tenths of the annual dose limits. 

Local rules 

71 The controlling authority must arrange for local rules to be drawn up (Reg 15(1)). This should 
be done in consultation with the radiation protection adviser and the radiation safety committee. 

72 It is essential that the rules set out clearly and precisely the procedure in force in each estabhsh- 
ment or department and the names and duties of the persons who are concerned with health and 
safety, such as the radiation protection adviser, the radiation protection supervisor(s) and the ap- 
pointed doctor. 

73 The local rules must include a description of each controlled or supervised area (see para 58) 

(Reg 12(3)). 

74 The essential features of any scheme of work should be incorporated in the local rules (ACl/ 

69). The local rules should also include ways of ensuring that if visitors enter controlled areas the 
doses they receive are as low as is reasonably practicable and in any case below the dose limits for 
members of the public (AC 1/74). It may be necessary to distinguish between a visitor on one 
occasion only and a person who makes frequent visits. ‘Visitors’ will include persons who are wait- 
ing for examination or treatment as patients. 

75 The local rules should also cover emergency conditions (see paras 86 to 89, 691 and 695). 

76 Local rules may be specific to a particular laboratory or department or may apply through- 
out the whole establishment. 

Instruction and training 

77 The controlling authority must ensure that all workers and trainees for whom it is responsible 
are adequately instructed about possible hazards and precautions to be observed; where necessary 
special training must be given (Reg 16 and ACl/98— 102). In hospitals and other larger establish- 
ments, controlling authorities should be advised in these respects by the radiation protection 
adviser (ACl/82) and the radiation safety committee. 

78 AU visitors to controlled or supervised areas should be informed of any precautions which 
they need to observe (AC 1/103). 

79 The controlling authority should ensure that the radiation protection supervisor(s) receives 
any training needed to fit him for his duties. He should be instructed in procedures for manage- 
ment of contaminated persons (ACl/ 181) and on dealing with incidents; his duties include the 
investigation of incidents and overexposures of workers or members of the public which have to 
be notified to HSE (ACl/94) (see paras 41 and 44). His knowledge will need to be kept up to date. 

80 Radiation protection should be included in the syllabus of students being trained for work 
involving the medical and dental uses of ionising radiation. 

81 It must be impressed on every individual working with radiation sources that he has a duty to 
protect himself and others from any hazard arising from his work (HSW etc. Act 1974, section 7)*. 

82 It is essential that every member of the staff is familiar with the responsibhities and precautions 
imposed on him by regulations, the approved code of practice and guidance notes and by the local 
rules. The controlling authority will therefore need to ensure that he reads either the relevant 
sections of the guidance notes and of the local rules or a suitable statement which explains clearly 
his own responsibilities, and that he is made aware of any subsequent change. 

Planning of installations 

83 When planning a new radiological installation or laboratory or modifying an existing one, 
authoritative advice should be obtained about the suitability of the location, design and construc- 
tion of the premises and equipment, and about the arrangements for the storage of radioactive 
substances and for the disposal of radioactive waste. This advice should be sought from the radiation 
protection adviser or from an organisation such as the NRPB or, in Northern Ireland, the 
Northern Ireland Radiation Protection Service (see para 671 regarding advice on waste disposal). 

* In Northern Ireland, the Health and Safety at Work (Northern Ireland) Order 1978, Article 8. 
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84 When planning a new radiological installation, account should be taken of the expected work 
load of any equipment, the orientation factors of the barriers, and, if desired, the occupancy 
factors of the adjacent areas (although the latter will not affect area designation). Allowance should 
be made for possible future increases in these factors, for changes in the outputs or positions of 
radioactive sources, and for future modifications in technique. 

85 The installer of equipment must make a critical examination of the way that it has been 
installed before it is used for the first time and must supply the user with adequate information to 
enable the equipment to be properly used (Reg 34(2)). The installer may use the services of his 
own radiation protection adviser in carrying out the examination but the radiation protection 
adviser for the establishment should be consulted when the new installation is accepted. 

Contingency planning 

86 The controlling authority must make contingency plans if significant radiation exposure 
resulting from an accident or incident can be reasonably foreseen, the arrangements being designed 
to limit such exposure (Reg 31(1)). Any exposure which could lead to a dose in excess of a dose 
limit should be considered significant (ACl/221). In some cases special controls, designed to be 
used in emergencies, can be built into equipment (see paras 818 and 823) but operational plans 
will usually be needed. Details must be included in the local rules and workers who are concerned 
must be given suitable instructions (Reg 31(2)). Guidance on emergency procedures is given in 
paras 688 to 725. 

87 Where radioactive substances are used, arrangements should be made with the Chief Fire 
Officer* for the local fire brigade to visit the establishment to obtain information about the layout 
of the premises and about warning measures and symbols etc. The Chief Fire Officer should also 
be consulted about the suitability, in relation to radiation hazards, of fire fighting equipment 
installed on the premises or which might be brought to the site. 

88 There should be readily available an up-to-date Hst of all places in the establishment where 
there are radiation hazards showing the exact location of and the means of access to all rooms 
likely to contain substantial amounts of radioactive substances. The Chief Fire Officer should be 
given a copy of this list. 

89 Arising out of consultations with the Chief Fire Officer, it is essential that a section of the 
local rules is drawn up which details the procedure to be followed in the event of a fire involving 
radioactive substances and that these rules are read by all persons who may be concerned. The rules 
should mention specifically any place where there are radioactive substances which, in the event of 
a fire, could cause inhalation or contamination hazards to those engaged in fire fitting and to 
those entering the area after the fire. In general, the importance of fighting the fire outwei^s 
minor radiation hazards. 

Records 

90 This section is an index to the records which are required by regulations, the approved code of 
practice, etc., or which are recommended as essential or desirable. The controlling authority must 
or should, as the case may be, arrange for these records to be kept. The sections whose numbers 

are given should be referred to for details. 

91 The following records are required by the Ionising Radiations Regulations or by certificates 
of registration or authorisation issued under the Radioactive Substances Act 1960 or are called for 
by the approved code of practice: 



Health record (para 103) 


50 years* 


Radiation dose record (paras 112—116) 


50 years *$ 


Dose assessment report (para 120) 


2 yearst 


Record of dose assessment (para 64) 


2 yearst 


Schedule of personal dosimetry (para 122) 


Not specified 


Monitoring of controlled and supervised 




areas (paras 133 and 518) 


2 years* 


Testing of monitoring instruments (para 140) 


2 years* 



*In Scotland, the Firemaster. 
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Testing of protective gloves and aprons (para 252) 

Leakage tests (para 639) 

Record of radioactive materials (para 643) 

Disposal of radioactive waste (paras 665, 684, 

686 and 687) 

Investigation of overexposure of worker or 
member of the public (para 48) 

Investigation of overexposure of patient (para 50) 

Report on occasions when interlock is overridden 
(para 338) 

*after last entry 
tfrom date of test/report 
$to be kept by approved laboratory 

92 The following records are considered essential; 

(a) record of radiotherapy (paras 160 and 343); 

(b) record of administration of radioactive materials and of the removal of temporary implants 
(paras 400, 483 and 649); 

(c) daily records of movements of closed sources (paras 400 and 644); 

(d) details of incidents involving injury with the possibiUty of radioactive contamination (para 
527); 

(e) investigation of emergencies (para 717). 

93 The following records should be kept: 

(a) investigation of doses (ALARP) (para 51); 

(b) cases of contamination of skin or hair (para 105); 

(c) record of request for diagnostic examination (para 153); 

(d) record of films and other diagnostic tests (para 158); 

(e) record of dose equivalent to volunteers (para 174); 

(f) record of dose to radiography assistant (para 200); 

(g) records of defects and maintenance (paras 188 and 321); 

(h) alteration of output or quality of radiation as a result of modification or maintenance of 
apparatus (paras 190 and 322), 

(i) calibration of dose rate meters used for evaluating treatment doses (para 3 14); 

(i) monitoring of other areas (para 518); 

(k) record for radionuclide generators (para 646). 

94 It is also advisable to keep copies of notifications, reports from the radiation protection adviser, 
dose summaries and termination records, certificates for source loading, and any other papers likely 
to be needed in a subsequent enquiry. 



2 years* 

3 yearst 
Not specified 
Not specified 

50 yearst 
30 yearst 
Not specified 
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Medical 

surveillance 



95 Medical surveillance by the ‘appointed doctor’* must be arranged for all classified persons 
and for other workers if they receive an overdose or if HSEf has issued a notice requiring it (Reg 
19(1) and (3) and ACl/1 19— 121). Guidance for appointed doctors on their duties in connection 
with ionising radiation is given in ‘Guidance Notes for Appointed Doctors’^^^ issued by HSE. 

96 The persons concerned must submit to medical examinations and make available to the 
appointed doctor information about their health (Reg 19(7)). 

97 Before a person is designated as a classified person for the first time, or redesignated after an 
interval and there is no longer a valid entry in the health record (see para 103), he should be 
medically examined and certified by the appointed doctor as fit to be designated (AC 1/1 22). The 
examination is unnecessary if the person has been declared fit by another appointed doctor during 
the preceding 14 months and a copy of the previous certificate has been obtained. This certificate 
may relate either to a medical examination or to a health review (see para 1 00). The examination 
may also be dispensed with if, on the day that the regulations come into force, the person is already 
employed in work which would require him to be a classified person (AC 1/123). 

98 The pre-employment medical examination should include an enquiry into the worker’s 
medical history including all known previous exposures to ionising radiation resulting either from 
his employment or from medical examination or treatment. The form of the examination is 
otherwise at the discretion of the appointed doctor. Information about the working environment 
should be made available to the appointed doctor so that he can take account of this information 
in assessing fitness; he must be allowed to inspect the workplace if he asks to do so (Reg 19(8)). 

He must also be given copies of the relevant dose summaries (see para 1 12) and allowed to see other 
records (Reg 19(6) and (9)). 

99 If the classified person is declared fit subject to conditions, the controlling authority and the 
worker must observe these conditions (Reg 19(5)). The worker has rights of appeal against a 
medical decision, to be exercised within three months (see Reg 19(10)). Appeals will come before 
a medical tribunal. 



100 The state of health of each classified person should be reviewed by the appointed doctor at 
intervals not exceeding 14 months (ACl/124), or more frequently if specified by the doctor, to 
determine whether he remains fit for his duties. The form of the review will depend on the type of 
exposure and the doses received as well as on the classified person’s state of health. In some cases 
the appointed doctor may recommend that medical surveillance continues after the person con- 
cerned ceases to be a classified person. 

101 The appointed doctor must be informed if an overexposure of a worker is suspected, whether 
or not the person concerned is a classified person (see para 48). A special medical examination 
should be made if the investigation confirms that the dose received may have been more than twice 
an annual dose limit for adult workers (ACl/125). The appointed doctor should consider whether 
any remedial treatment should be provided following intake of radioactive substances exceeding 
the relevant ALL 

102 If a person has received an overexposure, the agreement of the appointed doctor should be 
obtained before the controlling authority makes an application for a certificate of exceptional 
exposure (see para 46). 

103 The controlling authority must keep a health record for every person under medical sur- 
veillance containing the results of all medical examinations and periodic review of health in respect 
of radiological protection (Reg 19(2)). It must indicate whether a person is fit, fit subject to con- 
ditions, or unfit to be designated as a classified person (AC 1/127). An official form obtainable 
from HMSO, or another form which has the same headings, should be used (AC 1/1 26). Copies of 
previous certificates referred to in para 97 should also be kept in the health records. An entry in 
the health record remains valid for 14 months (unless the appointed doctor specifies a shorter 
period) or until it is superseded by a further entry (ACl/128). Health records, which are to be dis- 
tinguished from the doctor’s clinical records, must be retained for 50 years after the last entry 
(Reg 19(2)). 

104 The appointed doctor should be consulted on the provision of suitable first-aid facilities 
and on the training of persons in charge of first aid. First aid may be required following contami- 
nation of the skin or hair particularly if the skin is broken (see para 527) and if radioactive sub- 
stances are accidentally inhaled or ingested. However, the appointed doctor should be informed 
without delay. 

*See footnote to para 27. 

fin Northern Ireland, the Department of Manpower Services. 
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105 Where the contamination of the skin or hair cannot be reduced by first-aid measures to a 
level below that given in Appendix 5 a record should be made. The record should indicate the 
cause of the contamination, the action taken to deal with it, and the length of time during which 
the excess examination lasted. 




Printed image digitised by the University of Southampton Library Digitisation Unit 



Operational 
measures for 
radiological 
protection 



Personal monitoring 

106 The dose of ionising radiation received by each classified person must be systematically 
assessed and the controlling authority must make arrangements for personal monitoring to be 
carried out by an approved laboratory* (Reg 17(1) and (4)). 

107 Where exposure is from external sources (other than low energy beta sources with no 
significant bremsstrahlung emission) this monitoring should be by means of one or more dose- 
meters worn on an appropriate part or parts of the body. If an immediate indication of the dose 
received is necessary, a direct-reading device, such as a pocket ionisation chamber, may also be 
worn (see para 332) but the requirements for personal dosimetry do not apply to that type of 
monitoring. An additional dosemeter sensitive to fast neutrons will be required if the annual 

dose from this component of the total dose is liable to exceed one-tenth of a dose limit (AC 1/108). 
Radiations such as low energy beta rays from C-14 which cannot easily be measured by individual 
dosemeters should be checked by environmental monitoring. The advice of the radiation pro- 
tection adviser should be sought on the most appropriate measurement(s) and type(s) of dose- 
meter for each classified person (ACl/1 1 1). Dosemeters are supplied by the approved laboratory. 

108 Each dosemeter is normally worn for four weeks but if the workload is low the monitoring 
period may be increased to eight weeks. The length of each monitoring period should depend on 
the doses likely to be received during the period (ACl/106). Dosemeters should be returned 
promptly after use to the approved laboratory for dose assessment and replaced with new ones. 

109 A person who has been issued with a dosemeter must wear it as instructed all the time that 
he is in a controlled or supervised area and return it at the end of the period (Reg 17(3) and ACl/ 

1 10). Care should be taken to prevent the dosemeter, while not being worn, from being exposed 
inadvertently to ionising radiation. An individual dosemeter should normally be worn on the 
trunk at chest or waist height, the latter being recommended in the case of women of reproductive 
capacity. It may then be interpreted as monitoring the dose to the whole body. However, if there 
is any reason to suspect that doses to other parts of the body may exceed three-tenths of the 
appropriate dose limit, it may be necessary to arrange for the wearing of additional dosemeters. 

1 10 When a protective apron (see paras 246 to 253) is worn the dosemeter should be moved to 
a position outside the apron where it may best monitor dose to exposed parts of the body. The 
choice of position may depend upon the character of radiological work undertaken and should be 
made after consideration of this with the radiation protection supervisor and/or the radiation 
protection adviser. The radiation protection adviser may recommend that two dosemeters should 
be worn, for example, one under the apron and one on the collar, and that a formula should be 
used for evaluating the effective dose. 

111 A doserrieter should be worn on a finger or wrist while working with small sealed sources 

or unsealed radioactive material if the dose to the hands is liable to exceed three-tenths of the dose 
limit shown in Table 1 . It may similarly be necessary during palpation or manipulation in diagnostic 
examinations (see para 231) when it should be worn under a protective glove (see para 246 to 253). 
A trial programme of monitoring may be desirable to determine whether routine monitoring is 
necessary. 

1 12 The approved laboratory will maintain a dose record for each classified person and keep it 
for 50 years after the last entry. Summaries of the dose records will be supplied regularly and the 
controlling authority must keep them for two years (Reg 17(6)). It may also ask at any time for 
a copy of the dose record relating to a member of its staff. HS Ef will receive from the 
approved laboratory annual summaries of the dose records, details of any person whose dose in a 
calendar quarter exceeds 0.03 Sv (3 rem) and, on request, a copy of a particular dose record. 

113 In order that dose records may be reasonably complete, the controlling authority should, as 
soon as reasonably practicable after the regulations come into force, send to the approved labora- 
tory suitable summaries of any dose records it holds relating to any of its staff who are, or may 
become, classified persons (AC 1/1 15). 



114 If a dosemeter issued to a classified person is lost or damaged the controlling authority must 
make an investigation with a view to estimating the dose received during the monitoring period. If 
there is enough information to estimate the dose it must ask the approved laboratory to enter this 
estimate in the dose record; if not it must ask for a notional dose, which is pro rata of the annual 

*The addresses of approved laboratories may be obtained from the Health and Safety Executive or in Northern 
Ireland, the Department of Manpower Services. 

t In Northern Ireland, the Department of Manpower Services. 
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dose limit, to be entered (Reg 17(9)). The advice of the radiation protection adviser should be 
taken when making dose estimates. 

115 The controUing authority must also make an investigation if it has reason to believe that the 
dose received by one of its staff is much greater or much less than shown in the dose record. If the 
investigation confirms this, it must apply to HS E* for approval of a special entry in the dose 
record (Reg 17(10)). The investigation should include: 

(a) a survey of the person’s work activities and of his exposure to ionising radiation during the 
period concerned; 

(b) an estimate of the dose(s) likely to have been received; 

(c) an explanation, with supporting evidence, for the supposedly wrong value in the dose 
record (ACl/117). 

116 If more than one approved laboratory is concerned in the monitoring of a classified person, 
for example separate laboratories for external monitoring and internal monitoring (see para 123), 
arrangements should be made for one of them to coordinate the measurements made by the others 
and maintain records of total doses received (AC 1/1 12). 

117 If a member of its staff leaves, the controlling authority must ask the approved laboratory to 
send a ‘termination record’ to HS E* with a copy to itself; it may do this earlier if the person 
concerned ceases to be a classified person (Reg 17(4)). 

118 The controlling authority must provide a member of its staff with a copy of: 

w 

(a) his dose record, on request or if it is amended (see para 115); 

(b) his termination record (Regs 17(7), (10), (11), (12)). 

Dose records should also be available to the appointed doctor, the radiation protection adviser and 
the radiation protection supervisor. 

119 Before designating an employee as a classified person, the controlling authority should ask 
him about any previous work he has done involving ionising radiation and the employee should 
then provide any information he can about his previous dose (ACl/1 16). This information, which 
might be merely that the person had at some time been classified, should be passed to the approved 
laboratory. 

120 The radiation protection adviser may recommend that unclassified staff and visitors who 
enter controlled areas in accordance with local rules (see para 74) should wear dosemeters (see also 
para 200). These dosemeters must be obtained from an approved laboratory and dose assessment 
reports issued by the laboratory must be kept for two years (Reg 17(5)). No dose records will be 
kept by the laboratory. 

121 The controlling authority may also arrange for the wearing of dosemeters by persons who 
work in supervised areas or, if necessary, in non-designated areas as a means of monitoring the 
working environment for external radiation or during particular procedures, for example, in oper- 
ating theatres, particularly when peaks of relatively higher exposure are expected. Monitoring need 
not necessarily be continuous; it may be sufficient to issue dosemeters for one or two periods 
during the year if doses are, pro rata, much less than three-tenths of the dose limits, for example, 
in dental radiography. There is no necessity to maintain personal dose records for such non- 
classified workers but the monitoring results should be kept as environmental records. 

122 The controlling authority should draw up a personal dosimetry schedule which shows the 
names of persons whose doses are assessed, the types of dosemeters, the place on the body where 
they are worn, and the working areas in which they should be worn; the schedule should be avail- 
able for inspection (AC 1/1 18). 

Personal monitoring for internal radiation 

123 Classified persons who work with unsealed radioactive substances should also be systemati- 
cally monitored for internal radiation unless sufficient measurements or estimates have been made 
to ensure that the committed dose due to intake will be less than one-tenth of the annual dose 
limit (ACl/108). Monitoring should be arranged with an approved laboratory and may take the 
form of: 

(a) monitoring of urine or faeces; 

(b) direct measurement of the radiations from the body using, for example, a whole body monitor 
or a chest monitor; 

(c) personal air monitoring. 

*In Northern Ireland, The Department of Manpower Services. 
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124 Monitoring details should be included in the personal dosimetry schedule. The persons con- 
cerned should provide the biological samples required and take reasonable precautions to safeguard 
them against contamination (AC 1/1 10). 

125 The intake of radionuclides in the monitoring period and in the year should be evaluated 
taking account of the circumstances of the intake when known (e.g., chronic, single occurrence) 
and of intake in previous periods. 

•• 

126 Monitoring of persons who are not classified persons is also valuable if intake is considered 
likely to be a significant fraction of the relevant ALIs and as a means of monitoring the working 
environment. 

127 Advice about individual monitoring for internal radiation can be obtained from HS E* 
or from the NRPB.t Guidance on the action to be taken in the event of intake of radioactive 
material in the body is given in HPA Report Series No. 

128 In addition to individual monitoring, where appropriate the levels of contamination of the 
skin, hair and clothing should be checked regularly to ensure that any excessive contamination is 
detected without delay (see para 521). 

Environmental monitoring 

129 It is essential that any new or modified installation or laboratory is surveyed under the 
guidance of the radiation protection adviser in order to verify that the planned radiation protec- 
tion is effective and the area designation is correct. Alternatively, the results of the survey may be 
used for deciding the designation of the area. It should be appreciated, however, that, particularly 
for work with unsealed radioactive substances, protection is as much a matter of procedure as of 
design. A ‘modified installation/laboratory’ means one in which the original protection may no 
longer be adequate for any one of the following reasons; 

(a) the radiation output of radiological equipment has been increased; 

(b) the radiation output of a sealed source has been increased; 

(c) the activity of an unsealed radioactive substance has been increased; 

(d) the radionuclide used as an unsealed substance has been changed; 

(e) the position of a radiation source has been changed; 

(f) the techniques have been modified; 

(g) the building has been modified. 

130 A controlled or supervised area must be monitored in accordance with monitoring procedures 
which should be drawn up in consultation with the radiation protection adviser and specified in the 
local mlesl (Reg 22(1) and ACl/154 and 155). This monitoring should determine: 

(a) The levels of external radiation; 

(b) The levels of radioactive contamination of surfaces in areas where unsealed radioactive sub- 
stances are used and of the surfaces of personal protective equipment; 

(c) The concentration of radioactive substances in the air if this is advised by the radiation pro- 
tection adviser (see para 523). 

131 In additional to regular monitoring, a radiation survey should be made whenever personal 
monitoring results indicate that doses are not as low as reasonably achievable; one is essential if 
individual monitoring indicates that the doses received exceed or are likely to exceed the dose 
limits, and if enquiries have failed to reveal the cause. 

132 If a radiation survey indicates that any person is liable to receive a dose in excess of the dose 
limits, it is essential both to consult the radiation protection adviser about the measures to be 
adopted to remedy the situation and also to ensure that the installation is not used until the pro- 
tection is satisfactory. 

133 Environmental monitoring results must be recorded and kept for two years from the date of 
the last entry in the record (Reg 22(1)). 

134 Other areas should also be surveyed periodically to ensure that they do not need to be desig- 
nated and are not contaminated. 

Environmental monitoring instruments 

135 Suitable monitoring equipment must be provided (Reg 22(2)). It will include, as appro- 
priate, dose rate meters, integrating dosemeters and contamination monitors. Instruments may be 

*In Northern Ireland, the Department of Manpower Services. 

tin Northern Ireland, the Northern Ireland Radiation Protection Service. 

tSee ACl/155 regarding the details of the monitoring procedures which are to be shown. 
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portable or used in a fixed position but those which operate alarms (see para 306) are unsuitable; 
so also are radiation detectors (see paras 367, 377 and 397) unless they give a quantitative indi- 
cation (AC 1/1 57 and 158). Personal dosemeters may be used for fixed position environmental 
monitoring but, when worn on the body, they should be used only as a supplementary means of 
monitoring the working environment in controlled areas (see para 121). 

136 The suitability of a particular type of instrument should be judged on the basis of the manu- 
facturer or suppher’s specification, the assessment of performance of that type by a testing labora- 
tory or by the radiation protection adviser, and the use to which the instmment will be put. 

137 Commercial instruments, suppHed specifically for environmental monitoring, should have 
undergone: 

(a) a type test; 

(b) a pre-use test and calibration in a test house approved by HSE* (t ACl/161 and 162). Other 
instruments should be given a pre-use test to a similar standard and should be cahbrated 
before use (tACl/163); their use should be restricted to establishments under the control of 
the controlling authority or of the radiation protection adviser. 

138 Instruments should be tested to ensure that the cahbration is maintained in use including a 
routine test of calibration at intervals not exceeding one year (ACl/164). Radioactive reference 
sources and contamination plaques (in non-dispersible form) should be available for making these 
tests. Radiation standards traceable to national standards should be used, where possible, for pre- 
use and routine tests (AC 1/1 66). 

139 After any repair which may have affected its cahbration, an instrument should be given a 
routine test of calibration, or if necessary a pre-use test and cahbration (AC 1/1 6 5). 

140 A record of maintenance and testing must be kept for two years after the last entry 
(Reg 22(4)). 



*In Northern Ireland, the Department of Manpower Services. 

tXhese requirements apply to all equipment supplied after [2 years after the regulations come into force] and 
after [5 years afterwards] to all other equipment. 
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Scope 

141 This chapter is for the guidance of those persons who request a medical or dental examin- 
ation or treatment involving irradiation of the subject. It applies also when the decision is taken 
by the person carrying out the procedure. 

Examinations or treatment directly associated with illness or injury 

142 Typical doses to the skin, bone marrow and gonads during radiological procedures are given 
in UNSCEAR’s 1977 report on ‘Sources and effects of ionising radiation’^®®\ Organ and effective 
whole body doses from investigations with radionuclides are shown in guidance notes issued by the 
Administration of Radioactive Substances Advisory Committee (ARSAC)^®^^ and in International 
Commission on Radiological Protection (ICRP) publications 17^^^^ and 

143 Patients exposed to radiation for diagnostic or therapeutic purposes may be subject to some 
risk, and the direct or indirect irradiation of their gonads may constitute a hazard to future gener- 
ations. There could be an additional risk during pregnancy. Consequently it is important that only 
those radiological examinations and treatments that are necessary should be requested. Alternative 
methods of obtaining the required information should be considered, for example by the use of 
non-ionising radiation. 

144 In carefully selected diagnostic procedures, if proper protective measures are employed and 
if the irradiation of the patient is kept to the lowest level consistent with the cHnical needs of each 
case, the risks both to the individual and to successive generations can be regarded as justifiable in 
the light of the benefits to be obtained. 

145 In therapeutic as compared with diagnostic procedures considerably larger doses of radiation 
are necessarily given. It is essential that every effort is made to reduce the dose to organs and 
tissues not being treated. 

146 A radiological examination, investigation or treatment should be initiated only by a suitably 
qualified person responsible for the care of the patient or by the radiologist or nuclear medicine 
speciahst to whom the patient is referred (see footnote to para 3). 

147 The person requesting an examination or investigation should satisfy himself that it is 
necessary after taking into consideration the benefits expected from the examination. He should 
be satisfied, either by precedent or by consultation with a radiologist or speciahst in nuclear 
medicine that the imphed radiation dose is justified. He should also first ascertain whether there 
are records of previous radiological examinations or investigations with radionucHdes (see 
para 158). 

148 It is the responsibhity of the person requesting an examination to state the clinical indi- 
cations, the provisional diagnosis, and the information required. 

149 If there is any doubt about the advisability of carrying out the investigation or about the 
nature of the investigation required, the matter should be resolved by consultation between the 
medical officers responsible respectively for the clinical and radiological care of the patient. Case 
discussions attended by clinicians, radiologists and consultants in nuclear medicine give oppor- 
tunity for the critical assessment of the value and possible hazards of proposed X-ray examinations 
and diagnostic radionucHde tests. 

150 To reduce the necessity for repeat radiological examinations involving abdominal investi- 
gations, clinicians and nursing staff should co-operate with the radiology service to ensure that 
patients are adequately prepared when presented for radiological examination. 

151 Fluoroscopy should not be requested if the same information can be obtained by radi- 
ography. It should not be requested for locating metallic foreign bodies at operations when 
alternative methods not involving ionising radiation are available. 

152 If specific radiographic views are requested, the number should be kept to the minimum 
necessary. In general, the extent of particular examinations will be determined by the radiologist. 

153 A record should be kept that a request has been made and, after the radiological examin- 
ation or investigation has been carried out, the person requesting it should ensure that details 
have been inserted in the patient’s record. 

154 Except for dental examinations, only essential examinations or investigations should be 
requested during pregnancy. 

155 Photofluorography with small films should not be requested for chest examinations of 
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women known to be pregnant. Full-sized films with strict limitation of field size should be 
requested for these examinations. 

156 For all women of reproductive capacity the person requesting an exairiination should con- 
sider the possibility of an early stage of pregnancy, 

157 The foUowmg examinations should, on the advice of the Royal College of Radiologists^ 
be avoided if a pregnancy may exist: 

barium enema; barium meal; intravenous urogram; cystogram; cholecystogram; lumbar spine, 
pelvis and hips; abdominal angiography. 

These examinations are least likely to pose a hazard to a developing embryo if carried out within 
ten days following the onset of a menstrual period; but since radiological techniques should always 
minimise the possible exposure of a foetus there is no reason to delay urgent examinations. In 
requesting one of the listed types of examination for a woman aged less than 50, the clinician 
should indicate whether or not it should be confined to the ten-day period. If he wishes it to be so 
restricted he should record the date of the first day of the menstrual period on the request form. If 
he does not wish this restriction to apply he should indicate the reasons. A similar restriction on 
diagnostic investigations of women of reproductive capacity involving the administration of radio- 
active substances should be considered if the effective half fife is short compared with ten days. 
Where the half life is long consideration of alternative techniques is particularly important. 

158 To reduce unnecessary examinations, administrative services should provide for the ready 
availability of previous films and for the rapid transfer on request of films or copies from one 
establishment or practice to another. Results of investigations with radionuclides should also be 
made available. Dental records may be excluded from these transfer arrangements; the costs would 
not be justified by the saving of very small doses. 

159 Alternative methods of treatment should be considered before requesting radiotherapy for 
non-malignant conditions. 

160 It is important to have information about previous radiotherapy before new treatment is 
undertaken. It is therefore essential that permanent records of all radiotherapy are maintained and 
that copies are readily available for transfer from one hospital to another. 

Examinations not directly associated with illness or injury 

161 Health surveillance examinations of numbers of people should be undertaken only if the 
expected medical benefits to the individuals examined and to the population exceed the economic 
and social costs, including the risks associated with the radiation dose involved. The benefits will 
depend upon the diagnostic yield which should always be kept under review, the possibiHty of 
effective treatment of the cases detected and, for certain diseases, the advantage to the community 
of the control of the disease. Since benefits are not always the same for aU members of the popu- 
lation, routine examinations should normally be limited to particular groups. 

162 A programme of routine examinations should therefore be initiated only by a person having 
the appropriate medical knowledge and qualifications or by a collective decision which takes 
account of appropriate medical advice. 

163 Some types of examination result in benefits which are shared by the person who is 
examined and the employer, third party or insurer. An examination should be requested only on 
specific medical advice and if it is a type which is considered to show net benefit to the subject. It 
should not be requested if the results of a previous examination, giving the required information, 
can be obtained (see para 1 58). A record of the examination should be kept. 

164 The recommendations made in paras 154 to 157 regarding examinations of women who are, 
or might be, pregnant should be strictly followed. 

Medical research 

165 When experimental methods of diagnosis or treatment are capable of benefiting the patients 
on whom they are tested, the justification for the procedures can be assessed in the same way as 
for routine examinations. When no direct benefits to the persons irradiated are intended the 
guidance in this section is applicable. 

166 The intentional irradiation of human subjects for the purpose of research should be under- 
taken only by properly qualified and trained persons with the consent of the controlling authority 
of the establishment where the irradiation is to take place. FuE details of each project diould be 
approved by a local ethics committee. 
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167 If the project involves the administration of radioactive substances it must be covered by a 
certificate of authorisation (Medicines (Administration of Radioactive Substances) Regulations 
1978) (see para 47). Advice is given in ‘Notes for guidance on the administration of radioactive 
substances to persons for purposes of diagnosis, treatment or research’^®^^ or may be obtained 
from ARSAC. 

168 Each experiment should have a clear objective which is considered to be achievable only by 
the irradiation of human subjects. The experiment should be planned so that the dose equivalent 
to each individual and the collective dose equivalent are as low as practicable consistent with the 
objective. These dose equivalents should be determined or estimated during the planning stage. 

169 For convenience, research projects should be categorised according to the level of dose equiv- 
alent as given in Tables 4 and 5 (World Health Organisation, technical report series No. 611^'^*). 
Only for the most compelling reasons should experiments giving dose equivalents greater than for 
category III be undertaken. 

170 The subjects should be volunteers whose consent has been freely given (International 
Covenant on Civil and Political Rights^“^). The risks involved should be explained to them before- 
hand. Persons under the age of 1 8 should be accepted only if the project is specific to their age 
group. Irradiation of children and other persons who are regarded as incapable of giving their true 
consent should be undertaken only if the project is in category I and after obtaining the approval 
of their parents or legal guardians. 

171 Before acceptance for a project the volunteer should be medically examined and declared 
suitable and fit for the project. Pregnant women should not be accepted as subjects unless the pro- 
ject specifically concerns pregnancy. The possibdity of an early stage of pregnancy should be con- 
sidered. If the subject is a woman aged less than 50, the recommendations in para 157 should be 
followed. 

172 The number of subjects for each project should be strictly limited to the smallest number 
necessary to achieve valid results. 

173 Though it is permissible for a volunteer to take part in more than one project, the total 
effective dose equivalent should not exceed 50 mSv (5 rem) in a year. 

174 A record should be kept for each volunteer showing the effective dose equivalent received in 
a project and the total effective dose equivalent received in all the projects m which he has partici- 
pated. This record may be kept with his employment dose record (if any) so long as doses are 
recorded separately. 



Table 4 Categories of research project involving irradktion of human beings 







Category 






I 


II 


III 


Effective dose equivalent* 


less than 0.5 mSv 


0.5 but less than 5 mSv 


5 but less than 50 mSv 


Level of risk 


Within variations of 
natural backpound 


Within dose limits for 
members of the public 


Within dose limits for 
persons occupationally 
exposed to radiation 


* Committed dose equivalent if from radioactive substances within the body. 



Table 5 Organ dose equivalents (mSv) for the three categories (when dose is predominantly to 


a single organ) 


Organ 


Weighting 

factor 


Category 






I 


II 


III 


Gonads 


0.25 


< 2.0 


2.0- 20 


20-200 


Breast 


0.15 


< 2.3 


3.3- 33 


33-330 


Red bone marrow 


0.12 


< 4.2 


4.2-42 


42-420 


Lung 


0.12 


< 4.2 


4.2- 42 


42-420 


Thyroid 


0.03 


< 17 


17 -170 


170-* 


Bone surfaces 


0.03 


<17 


17 -170 


170-* 


Any other organ 


0.06 


< 8.3 


8.3- 83 


83-* 



Note: To obtain values in rem divide the above figures by 10. 

•The maximum dose to any organ, other than the lens of the eye. is 500 mSv (50 rem) inacategory III project; for the lens of the eye it is 300 mSv(30 rem). 
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Diagnostic use 
of X-rays 



Scope 

175 This chapter contains guidance on radiation protection in diagnostic radiology, other than 
dentistry, after it has been decided that an examination should be made. It covers direct and in- 
direct radiography including computed tomography, direct and indirect fluoroscopy, other 
methods of examination usmg a generated beam of X-rays, such as bone density measurements, 
and radiotherapy simulation for treatment planning. (Bone studies and other diagnostic measure- 
ments made with a radioactive source are covered in paras 540 to 559, and neutron activation 
analysis in paras 288 to 378 and 540 to 559.) The subject of the examination is referred to as 
‘the patient’, this term being used to include a volunteer in an approved medical research project 
(see paras 165 to 174). Examinations on corpses are also included. The guidance given in this 
chapter also applies to the training of medical radiographers, research into examination techniques 
and occasions when X-ray equipment primarily intended for diagnostic examinations, training or 
research is used for other purposes or it is being tested, or its radiation output measured, at its 
place of use. 

176 Paragraphs 141 to 174 cover those aspects of protection of the patient which are of particu- 
lar concern to the person requesting an examination and also to the administrator. 

Principles 

177 Protection in diagnostic radiology is based on the following principles: 

(a) the irradiation of the patient during X-ray examination to be no greater than is necessary to 
result in a satisfactory examination and care to be taken to reduce to a minimum the ir- 
radiation of particularly sensitive tissues, such as the bone marrow and gonads; 

(b) all provisions for absorbing primary and secondary radiation to be as close as practicable to 
the equipment or patient; 

(c) X-ray equipment to be used only when there is adequate protection* for all persons in all sur- 
rounding areas. 

Structural aspects 

178 ‘If it is reasonably practicable and if clinical considerations permit, the work should be 
carried out in a room which provides appropriate shielding for all persons outside the room’ 
(AC2/9). This room whl be referred to as an X-ray room. The approved code of practice does not 
define ‘appropriate shielding’ for a medical X-ray room but it is recommended that the shielding 
should be assessed or designed according to the method of Appendix 12 of ICRP pubhcation 
21^°^ or of BS 000 [It is hoped to give the number of a British Standard developed from an lEC 
draft document.] . The shielding should ensure that, taking into account the maximum expected 
weekly workload, the dose equivalent in surrounding areas will not exceed 300 jnSv (30 mrem) in a 
week. This is a derived limit equivalent to three-tenths of the annual dose limit for workers and it 
should then be unnecessary to designate any surrounding area as a controlled area (though it may 
need to be a supervised area). If an individual member of the public is likely to spend any extended 
time in the vicinity (for example in a living room or a ward) the weekly design limit should be 
reduced to 100 mSv (10 mrem) in a week. These recommendations are subject to the agreement of 
the radiation protection adviser whose advice should be sought at the planning stage and before a 
new or modified installation is used. 

179 In order to achieve appropriate shielding efficiently and economically, equipment should be 
installed in the X-ray room so that: 

(a) where practicable, the useful beam can be directed away from adjacent occupied areas (see 
para 197); 

(b) the residual useful beam and scattered radiation will be absorbed close to the X-ray image 
receptor (e.g. fihn or image intensifier) and patient. If the normal structural materials of the 
room do not then afford the required shielding, protective material should be applied to the 
floor, ceding and walls, including windows and doors. 

180 To afford adequate protection to persons working in X-ray rooms the following features are 
essential: 

(a) all X-ray rooms to have sufficient space to provide safe accommodation for occupants; 

(b) protected areas to be provided for persoimel at aU control panels such that the radiation dose 



*‘Adequate protection’ is defined in Appendix 7. 
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received there by a person not wearing protective clothing is not likely to exceed one-tenth of 
the dose limits shown in Table 1 . Protection for such an area should normally be by means of 
protective cubicles or protective panels marked with their lead equivalent thickness; 

(c) where an X-ray room is used for more than one radiological procedure at a time (see para 199) 
adequate protective measures (e.g. a protective panel separating parts of the room) to ensure 
that there is no significant additional exposure, either of one patient from radiography of 
another or of staff from examinations in which they themselves are not engaged (see also 
para 757). 

181 An X-ray room should not be so constructed that it is, or is likely to be, used as a through- 
way from one room or part of the establishment to another except to give access to a dark room 
when radiography is not in progress. 

182 There is a general requirement to provide ‘shielding appropriate to the circumstances’ 
(AC2/10). This will include shielding which forms part of the X-ray equipment, shielding to 
attenuate the residual useful beam and protective panels which provide shielding against scattered 
radiation, but not protective clothing which is considered in paras 246 to 253 . 

183 In hospitals all X-ray examinations, except possibly mass miniature radiography, dental 
radiography and radiotherapy simulation, should preferably be carried out in a diagnostic radio- 
logical department containing one or more X-ray rooms, unless the condition of the patient makes 
it advisable for the examination to be carried out in a ward or in an operating theatre. This can be 
facilitated if entrances to radiological departments and doors of X-ray rooms are wide enough to 
allow beds from the wards to pass through and equipment so arranged that patients are subjected 
to the minimum of disturbance, (See para 241 regarding examinations carried out in wards using 
mobile or portable equipment.) 

Equipment 

184 It is essential that diagnostic X-ray equipment conforms with the general requirements of 
paras 726 to 733 and, except where a British Standard takes precedence, with the particular 
requirements of paras 734 to 775. 

185 Where it is not reasonably practicable to modify existing equipment so that it fully conforms 
with these requirements (see para 731), it is essential to introduce special operational measures 
designed to give an equivalent degree of safety; these should be incorporated in the local rules and 
reviewed periodically. 

Warning signs and signals 

186 If the X-ray room is designated as a controlled area one or more war nin g notices wiU have to 
be displayed (see para 60). However, it is essential that all X-ray rooms are marked with a sign 
indicating ionising radiation, together with any appropriate words which may be required by local 
rales, to aid control of access to the room (see Appendix 3 for details). 

187 Where it is necessary to warn persons entering the X-ray room, a device should be provided 
which will automatically give a warning signal at the entrance to the room all the time that any 
X-ray tube either is prepared (except in fluoroscopy) or is energised to emit X-rays (AC2/13). It is 
recommended that a signal should be provided in a prominent position wherever it is possible to 
walk into the room during a comparatively long exposure or exposure series and possibly receive a 
significant dose, such as during computed tomography (CT) scanning, fluoroscopy or radiotherapy 
simulation. The signal may take the form of an illuminated notice, preferably red, which says ‘Do 
not enter’ when the X-ray equipment is in the ‘ready state’* and while the radiation is ‘on’ and 
which is not legible when the radiation is ‘off; alternatively there could be a red light with an ac- 
companying notice to explain its significance. 

Maintenance 

188 The radiation safety features of equipment should be maintained and checked in accordance 
with the advice of the radiation protection adviser. AC2/10 requires shielding (see para 182) to 

be maintained and AC2/16 calls for maintenance of the devices for ensuring that the image receptor 
is correctly positioned and for terminating the exposure or providing a back-up capability (see 
paras 755 and 767). Other features which need regular checking are referred to in paras 207 and 235 . 
The deterioration or changes in performance of all diagnostic imaging components can have sig- 

*As defined in Appendix 7. 
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nificant implications on radiation safety and they should be monitored periodically. Particular care 
should be taken to ensure efficient operation of image intensifiers, with or without automatic 
brightness control, and correct adjustment of automatic exposure control. A record of defects and 
maintenance should be kept for each X-ray set. For automatic brightness control systems the 
record should include details of the set and measured levels of the free air kerma rate at the input 
screen associated with the various brightness control positions. 

189 The output of the X-ray tube used in a CT scanner should be regularly checked and the tube 
changed if necessary . After a fall in output of 20 per cent, which can occur after a few hundred 
hours use, the information obtained by CT scanning no longer justifies the procedure. 

190 It is essential that any person who carries out any modification to, or maintenance of, any 
^PP^J^tus, the result of which mi^t be to alter the output or quality of the radiation or tlie pro- 
tection of the X-ray tube, immediately attaches to the apparatus a notice drawing attention to 
such modification or maintenance, and also on each occasion informs (in writing) the radiation 
protection supervisor and the radiographer in charge; it is essential that the latter enters the details 
in a record book kept for the purpose. Before the equipment is used again, it is essential that the 
radiation protection supervisor checks that the necessary filtration (see para 740) is in place and 
that interlocks have been restored. 

191 Fluorescent screens which are found to be significantly less sensitive than some acceptable 
level should be replaced by new ones or, preferably, by image intensifiers (see para 752). Physical 
measurements made under standard conditions with an appropriate instrument should be used to 
determine the acceptable level and the loss of sensitivity. The protective glass should be replaced if 
its optical density has increased significantly due to discoloration caused by irradiation. 

192 Special care should be taken by service engineers and others while aligning image intensifiers 
on C-arms. 

Protection of staff and members of the public 

193 ‘All persons whose presence is not appropriate should be excluded from the (X-ray) room 
while X-rays are being produced’ (AC2/9). This apphes whether or not the X-ray equipment is 
being used to examine a patient. The advice in the following subsections applies when anyone other 
than the patient does need to be in the room. If the room is a controlled area the general advice of 
para 62 applies as well. 

194 Only the patient should be exposed to the useful beam under normal circumstances (AC2 / 1 8) . 
The operator, and any other person present, should stand as far away from the useful beam as 
practicable and should not be exposed even to the residual beam unless it is attenuated so as to re- 
duce the radiation to levels which are not significant (i.e. to those which would be accept- 
able in a public area). However the approved code of practice recognises that a person may some- 
times need to support or manipulate the patient in such a way that part of his body may unavoidably 
be exposed to the useful beam. Appropriate measures, including where practicable the wearing of 
appropriate protective clothing (see paras 246 to 253), should then be taken to keep the doses 
received by that person to the minimum reasonably practicable (AC2/19). Circumstances where 
this applies are considered in paras 200 and 231 . 

195 Whenever practicable, staff (including students who need to be present in the course of their 
training) should remain behind protective panels during aU types of radiographic or fluoroscopic 
examinations. If this cannot be done it is essential that protective clothing is worn and staff should, 
as far as reasonably practicable, occupy the areas of the room where the radiation levels are lowest.’ 
This is particularly important in certain elaborate investigations such as cardiological procedures 
where there may be a large number of people in the room. 

196 Protective clothing should be worn during X-ray examinations in operating theatres where 
the attention of staff will be principally concentrated on the operation and where, due to the need 
for manoeuvrability and mobihty under aseptic conditions, some of the usual protective devices 
may not be present. In these circumstances the local rules should contain details of necessary special 
precautions. 

197 The useful beam should be directed away from adjacent occupied areas which are inadequately 
shielded , whenever this is reasonably practicable (AC2/ 1 1 ). This refers to areas outside the room 
but it is also essential to direct the beam away from the control panel; this area is usually protected 
against stray radiation only. 

198 The useful beam should be hmited to the minimum size that is reasonably necessary for the 
work (AC2/ 11). Beam limitation for the protection of the patient is considered in paras 207 and 
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208 ; it is also important in order to reduce scattered radiation and thereby the dose to staff whether 
or not a patient is present. 

199 There are risks where an X-ray room is used for more than one radiological procedure at a 
time, i.e. where a patient, or staff attending to a patient, may be irradiated by the examination of 
another patient in the same room. Such an arrangement will be safe only if appropriate steps are 
taken to see that shielding as necessary is provided and used, and that staff are properly trained in 
the risks and how to avoid them, 

200 Support for children or weak or anaesthetised patients is sometimes needed in wards and 
X-ray departments and, where practicable, mechanical devices to ensure immobilisation should be 
used. Where these devices cannot be used great care should be taken to ensure that one person does 
not regularly support these patients. Child patients should, if possible, be held only by their parents 
or other accompanying adults, but not by women known to be pregnant. It is essential that the 
person supporting a patient who is undergoing a diagnostic examination wears a protective apron 
and is as far outside the useful beam as is practicable (see para 194). Protective gloves should be 
worn if the hands are hkely at any time to be close to the useful beam. If there is a likelihood that 
the person supporting the patient will receive more than an insignificant dose, he or she should be 
provided with a film badge or thermoluminescent dosemeter or with a pocket dosemeter for the 
occasion. In the case of a parent holding his or her child, a balance needs to be struck between the 
radiation protection objective of this advice and the possibility of adding to parental anxieties. It is 
essential that: 

(a) the circumstances in which an individual monitoring device is to be worn are agreed in advance 
with the radiation protection adviser and defined in the local rules; and 

(b) if more than a specified dose* is recorded during these procedures, a report (a copy of which 

should be kept) is made to the radiation protection supervisor and to the radiation protection 
adviser. 

If, unavoidably , the same person may possibly be asked to give support on repeated occasions and 
he is a non-classifled worker or a member of the public, the local rules should specify stricter cri- 
teria (except possibly for parents of young children) for the wearing of a monitoring device to 
ensure that the cumulative dose from these procedures does not exceed the appropriate dose limits. 

201 Radiographers should ensure that patients, staff and escorts are properly instructed in their 
respective roles before X-ray examinations are made. 

202 The doors to X-ray rooms should be closed during examinations to discourage entry. It is 
essential to shut the doors if they are lead-lined. 



Protection of patients 



203 The beam should not be directed towards parts of the body other than those to be examined, 
especially the gonads, unless this is essential to the conduct of the examination. This should be 

orne in mind particularly in examination of the limbs, especially of the hands with the patient in 
the sitting position. 

204 For young persons and persons of reproductive capacity, adequate gonad shields are essential 

m examinations which are likely to give a high gonad dose, unless these shields interfere with the 
proposed examination. 



205 In the exanmation of women known to be pregnant particular care is essential to minimise 
irradiation of the fetus (see paras 154 to 157). 

206 In the case of all women aged less than SO, it is essential to look at the request form before 
an exammatton of a type listed in para 1 57 is carried out to see whether or not the ten-day restriction 
K to apply If &e restriction is not to apply, or the examination date falls within the first ten days 
foUowmg the date of the menstrual period entered on the request form, the examination may be^ 
c^ned out. If the restncUon is to apply but the examination is made mote than ten days after 
the menstrual date on the form, it is essential that the radiologist or radiographer checks that a 

ensures that the examination is made within ten days of 

207 Strict linutation of field size to the area necessary for the particular examination should be 
routaely practised It is particularly important with children that the field should wherever prac- 
ticable, be restricted to the essential area and should always be smaller than the detector size.^en 



*1 S mSv (150 mxem) is suggested as the reporting level. 
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the equipment incorporates cassette sensors to provide automatic coUimation it should, whenever 
practicable, be set up using a light beam, taking particular care that the alignment is accurate. Cor- 
rect operation of the sensing and coUimation systems should be regularly checked. 

208 Careless methods with wide open diaphragms wiU lead to unnecessary irradiation of the 
patient as well as to increased scattered radiation. The use of beam limiting devices such as light 
beam diaphragms and cones, as recommended in these notes, wiU largely eUminate one of the major 
sources of unnecessary radiation (see paras 743 to 750). 

209 The direction in which the radiation passes through the patient can sometimes greatly influ- 
ence the absorbed dose. It is important to consider this when examining the pelvic region of a 
woman of reproductive capacity, 

210 To avoid accidental overexposure of patients a rigid procedure in operating apparatus is in- 
dispensable. It is essential that each member of staff is aware of this procedure and clearly under- 
stands the extent of his own responsibility. 

211 Where suitable phantoms are available, they should be used instead of human subjects for 
training in radiography and research into examination techniques. They are also valuable for test- 
ing the performance of CT scanners. 

Radiography 

212 Exposure factors should be checked by the person responsible for making the exposure, on 
each occasion before an examination is made. 

213 The X-ray exposure should normally be controlled from the control panel, and the switch 
should be so situated that the operator cannot leave the protected area during the exposure. Staff 
should consult the local rules which should specify any exceptions to this rule in the case of special 
techniques and special apparatus. In such cases it is essential that staff wear protective clothing if 
they are not behind protective panels of adequate size. 

214 The operator should always have a clear view of the patient. If necessary, control cubicles 
and protective panels should have lead glass windows. 

215 So far as, is practicable, intensifying screens and films should be chosen to ensure minimum 
dose to the patient consistent with obtaining adequate diagnostic information. 

216 The film selected should be as small as possible consistent with the diagnostic requirements. 

217 Correct positioning of the patient and optimum processing of the film are very important to 
produce good quality radiographs which will improve interpretation and avoid the necessity for 
examinations to be repeated. 

218 Particular care is required during procedures such as mammography where a lower filtration 
is desired and some or all of the additional filtration needed to comply with para 740 has been re- 
moved. A notice clearly visible from the control panel should then be displayed on the tube housing. 
It is essential that the total filtration is never less than the equivalent of 0.5 mm aluminium, so no 
attempt should be made to remove aU the additional filtration if the X-ray tube has a beryllium 
window. After an X-ray tube for general examinations has been used for soft tissue procedures, it 
is essential that the full additional filtration is replaced. It is desirable to use equipment which is 
specially designed for mammography and appropriate fast film-screen combinations for this work. 

219 The minimum focal spot-to-skin distance should be at least 30 cm (and preferably not less 
than 45 cm) when stationary equipment is used. For radiography of the chest the minimum dis- 
tance should be 60 cm. 

220 Patient exposure in tomography can be high, especially when several section images are re- 
quired. These investigations require careful centring, coUimation and level selection. 

221 Protection of the lens of the patient’s eye by lead glass spectacles may sometimes be valuable 
in hypocycloidal tomography and cerebral angiography. 

Fluoroscopy 

222 The dose to patients and staff from examinations employing direct fluoroscopy is relatively 
very high and this procedure should not be undertaken if the same information can be obtained by 
radiography or it should be used only in conjunction with radiography. 

223 Where available, image intensification should be used (see para 75 1). 
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224 Fluoroscopy should be as brief as practicable; where appropriate, it should be conducted in 
short bursts rather than continuously. This may be achieved either by operator control or by using 
a pulsed system with image storage to maintain the display. Full use should be made of the timing 
device which gives audible warning when the pre-set time has been reached. 

225 The lowest practicable absorbed dose rates and the smallest field sizes should be used. It is 
essential that the absorbed dose rate at the patient entrance surface does not exceed 0.1 Gy/min 
(10 rad/min); it should not normally exceed 0.05 Gy/min (5 rad/min) in direct fluoroscopy and 
should be weE below this when an image intensifier is used. For manually controlled systems, the 
fluoroscopic factors which will ensure this limitation should be determined for each X-ray tube 
and made known to the operator. They will usually be about 75 kV and 2 to 3 mA in direct fluor- 
oscopy. Using a new image intensifier with a caesium iodide photocathode and well adjusted tele- 
vision system, factors of about 90 kV and 0.5 mA should give adequate image quality with an 
absorbed dose rate at the patient entrance surface of no more than 0.01 Gy/min (1 rad/min). If 
automatic brightness control is provided, the lowest available level of screen input kerma rate should 
be selected whenever suitable (see para 761); whichever level is selected, the operator should know 
the corresponding value of the screen input kerma rate (see para 188). 

226 Television monitors perform better when set to low to moderate brightness so the ambient 
light level in the examination room should not be excessive. Adequate dark adaptation for not less 
than 10 minutes is essential in direct fluoroscopy. 

227 The absorbed dose rates and total doses delivered to patients during cinefluorography may 
be very high. The total numbers of frames exposed and the field size should be kept to a minimum. 
Radiological factors should be chosen with restriction of patient exposure in mind. Potential dose- 
rates to staff are also high and as far as possible they should retire to a safe distance or behind pro- 
tective shielding. After cinefluorography has been completed, any override switch should be returned 
to its normal position so that the tube current is again limited to 5 mA (see para 760). 

228 The minimum focal spot-to-skin distance should be at least 30 cm (and preferably not less 
than 45 cm) when stationary equipment is used. For fluoroscopy of the chest these distances are 
increased to 45 cm and 60 cm. 

229 During fluoroscopy with the patient in the erect position a radiographer or any other person 
who stands near the radiologist should ensure that in taking up such a position he is protected by 
the lead glass of the fluoroscopic screen, or by the intensifier and its surround, and by the protec- 
tive aprons suspended from it and that he is not directly exposed to scattered radiation from the 
patient, the dose rate due to such scatter being highest to the side of the equipment. 

230 During fluoroscopy with the patient in the horizontal position, particular care , both to pre- 
vent inadvertent insertion of the hands or head into the primary beam and to avoid exposure to 
scattered radiation, is necessary if an overcouch or C-arm X-ray tube is in use . Whenever practicable , 
examinations should be carried out from the remote control panel. When, for some specialised 
examinations, for example involving catheterisation, it is necessary for persons to be positioned 
near the couch, they should keep as far from the patient as they can, wear protective clothing and 
make the maximum use of protective drapes suspended from the X-ray tube assembly (see 

para 774). 

23 1 During fluoroscopy, palpation with the hand should be reduced to the minimum. It should 
be undertaken on the image receptor side of the patient and so should not be carried out at all 
with an overcouch tube. A protective glove with a lead equivalent thickness of at least 0.25 mm at 
1 50 kV should always be worn during palpation (see para 194). The wearing of a fingertip dosemeter 
should be considered (see para 111). The presence of the glove used for palpation can cause an 
mcrease in absorbed dose rate when automatic brightness control is used; care should be taken to 
rninimise this effect. 

232 Foot, ankle and shin exposure of staff during fluoroscopic procedures varies greatly with 
technique. It is essential to ensure, by means of surveys and local rules as appropriate, that the doses 
received never exceed the limits shovm in Table 1. 

233 In training establishments it is important to emphasise that fluoroscopy should be under- 
taken with as small a diaphragm opening as is practicable. The importance of this factor in reducing 
patient exposure should be demonstrated by means of the area-kerma product meter recommended 
in para 773. 

Mass miniature radiography 

234 In order to minirnise any radiation hazard to the general public, it is essential that persons 
awaiting their turn for examination do so in an area which provides adequate protection. 
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235 In vehicular units for mass miniature radiography, where the space available is likely to be 
restricted, special attention should be given to the position of the X-ray tube and the patient. It 
may be necessary to provide additional shielding around the patient. The equipment should be so 
arranged and shielded that all staff associated with the procedure are afforded adequate protection 
during routine use without the necessity for protective clothing. The beam alignment, which is 
liable to be disturbed by movement of the vehicle, should be regularly checked. 

236 Mass miniature techniques should not be used for chest examinations of women known to 
be pregnant. Full sized films with strict limitation of field size should be used for these examinations 
and should also be used for the chest examinations of other patients where the necessary X-ray 
equipment is available and readily accessible. If mass miniature techniques need to be used for 
children and for adults of short stature, particular care is essential to limit the lower edge of the 
useful beam and so avoid unnecessary gonad dose. 

237 High speed optical systems, which enable the dose to the patient to be reduced, should be 
used. 

The use of mobile and portable equipment 

238 The precautions already specified in paras 193 to 21 1 which are appropriate apply equally 
to mobile and portable X-ray apparatus. 

239 When mobile or portable apparatus is used, it is essential that the operator makes certain 
that no part of his body is exposed to the useful beam and he should ensure that other persons in 
the vicinity of the patient are afforded adequate protection. 

240 The minimum focal spot-to-skin distance should be at least 30 cm. Care should be taken where 
a shorter distance is not automatically prevented by the equipment design. 

241 When examinations need to be carried out in a ward it is essential to make special arrange- 
ments in collaboration with the appropriate radiation protection supervisor for the protection of 
staff and other patients. The advice of the radiation protection adviser should also be sought. The 
arrangements should include the exclusion from an appropriate area around the patient’s bed of all 
persons whose presence is unnecessary (AC2/9); particular care is necessary with regard to the di- 
rection and size of the radiation beam. The immediate vicinity of the patient may need to be 
designated as a controlled area. However, when mobile X-ray equipment is used for radiography in 
a ward, the normal requirement for warning notices need not be observed; control of access to the 
controlled area should be exercised orally by the operator who can see any person in the vicinity 
and can, if necessary, quickly de-energise the equipment from his or her normal operating position 
(AC2/6 and 7). 

242 Mobile equipment which does not fully conform with para 766 should not be located during 
battery charging in a place where there is a significant risk of unauthorised interference with the 
exposure controls. 

Precautions with CT scanners 

243 During ‘warm up’, persons should not be allowed to enter or remain in the examination room 
when a separate room is provided. In other cases aU persons should remain behind protective bar- 
riers during warm up, 

244 While high voltage is applied to the X-ray tube it is essential that the control table is manned. 
(It is possible to leave it unattended since CT scanners wiU not normally have an exposure switch 
which has to be pressed throughout.) 

Precautions with radiotherapy simulators 

245 Examinations should be carried out only on patients whom it is intended to treat by radio- 
therapy. 

Protective clothing 

246 Any person who is not adequately protected by the shielding referred to in para 182 must 
be provided with, and must wear, protective clothing (Reg. 23 and ACl/170). This wiU normaUy 
consist of suitable gloves and aprons which, however, are not designed to provide adequate protection 
from an unattenuated primary beam but only from primary radiation transmitted through the 
patient and from scatter. 
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247 It is essential that gloves have a protective equivalent throu^out both front and back 
(including fingers and wrist) of not less than 0.25 nun lead for X-rays excited at voltages up to 
150 kV. They should comply with BS2606:1955^'^^^ as amended or with any later revision. 

248 It is essential that body aprons have a minimum lead equivalent of 0.25 mm for X-rays 
excited at voltages up to 150 kV. They should comply with BS3783 : 1964^*^*^ or with any later 
revision. 

249 Each item of protective clothing should carry an identifying mark (AC 1/1 70). 

250 A suitable range of protective clothing should be provided in all X-ray rooms and for use 
with mobile and portable X-ray sets, but it is not required for mass miniature radiography in 
vehicles. Sizes and lead equivalent thicknesses (subject to the niiriimum lead equivalents specified 
above) and type of apron (i.e. protecting the front and sides of the body only or also the back) 
should be decided according to local circumstances and in conjunction with the radiation protec- 
tion adviser. 

251 Suitable arrangements should be made for storing protective clothing when not in use 
(ACl/170). Aprons should not be folded but should be supported in a suitable manner, for example, 
by draping them over a rail of comparatively large diameter. 

252 Gloves and aprons should be examined visually at frequent intervals. They should be 
thoroughly exarnined by the radiation protection supervisor, or by a person under his supervision, 
at least every 14 months to ensure that the protection afforded has not been impaired as a result 
of cracks in the material and a signed report should be made of the examination (ACl/171). It 
may be decided to carry out a radiographic examination. Any defects in protective clothing found 
by the wearer must be reported immediately and examination records must be kept for two years 
(Reg. 23). 

253 If the protective material of the gloves has a permanent cover, this cover should be bonded 
to the underlying material. Otherwise the gloves should have a detachable cover of nylon or similar 
material so that any cracks which might develop may be revealed. 

Small departments and other institutions without qualified radiograpliic staff 

254 In some hospitals and other institutions, persons who have no radiographic qualifications 
are obliged occasionally and in cases of emergency to make an X-ray examination. No-one should 
be allowed to do this until he has received appropriate instmction in the precautions necessary for 
safe operation. Responsibility for ensuring that this instmction has been given lies with the 
controlling authority. Controlling authorities should appoint radiologists and radiographers to give 
further advice on the examinations which may be so carried out and the techniques which may be 
used in such circumstances. 
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Dental 

radiography 



Scope 

255 This section applies to the use of equipment specifically designed for radiography of the teeth 
or jaws including radiography using an intra-oral film (or, with the same equipment, an extra-oral 
film), panoramic tomography with an extra-oral X-ray tube, panoramic radiography with an intra- 
oral X-ray tube and cephalometric radiography. While primarily concerned with the use of the 
equipment for the examination of patients, the guidance is also relevant during testing, measure- 
ment of the radiation produced, staff training, research into examination techniques, the examination 
of volunteers in approved research projects and other uses at the place where the equipment is 
normally used. Reference should be made to paras 175 to 254 if general purpose X-ray equipment 
is used. 

Equipment 

256 It is essential that dental X-ray equipment conforms with the general requirements in paras 
726 to 733 and, except where a British Standard takes precedence, with the particular require- 
ments in paras 776 to 792. 

Location and installation 

257 If it is reasonably practicable and if clinical considerations permit, dental radiography should 
be carried out in a room from which all persons whose presence is not appropriate are excluded 
while X-rays are being produced (AC2/9). This room, which will be referred to as the X-ray room, 
may be a dental surgery or a separate examination room. A room in which separate work may be 
in progress, or through which people may need to pass, is usually unsuitable (see also para 264). 

258 It is essential that the X-ray room is large enough to provide safe accommodation for those 
people who have to be in the room during examinations. Dental X-ray equipment operating up to 
70kV should be installed so that the person operating it can be at least 1 .5 m from the X-ray tube 
and from the patient and well outside the useful beam. If the equipment operates at above 70kV 
the operator should be able to stand at least 2 m away. (These distances are greater than those 
mentioned in para 261.) 

259 In addition to the protection by distance recommended in the preceding paragraph protec- 
tive panels having a lead equivalent of not less than 0.5 mm should be provided if the workload is 
likely to exceed: 

(a) 300 mA min per week* for panoramic tomography 
or 

(b) 30 mA min per week* for other procedures. 

Taking into account shielding which forms part of the equipment (see paras 776 to 792) the require- 
ment in AC2/10 for ‘shielding appropriate to the circumstances’ can then be considered to have 
been met. 

260 The X-ray room should provide appropriate shielding for aU persons outside the room (AC2/9). 
Adjacent areas, for example, those used as waiting rooms, should be designed so that they are not 
controlled or supervised areas with the maximum expected workload. This can be done most ef- 
ficiently and economically by pointing the useful beam away from such areas, where this is practi- 
cable, (see para 270) and by making use of the natural shielding of the walls, floor and ceiling of 
the X-ray room where these are relatively thick or dense, e.g. of brick or concrete. Advantage can 
also be taken of the reduction in radiation level by distance. If the normal structural materials do 
not afford sufficient shielding (e.g. a lightweight partition wall which may sometimes be in the 
useful beam), protective material such as lead ply should be applied to the waU concerned. The 
equipment should be installed so that the useful beam is not directed at the window if the space 
immediately beyond is occupied, nor at the door. 

261 A special method of identifying controlled areas in dental radiography, may be used for rooms 
which contain an ordinary dental X-ray set or an X-ray set for panoramic tomography with an extra- 
oral tube (AC2/2). This is subject to the following conditions: 

(a) there is only one X-ray set in the room; 

(b) the workload does not exceed: 

(i) 30 mA min in any week for ordinary dental radiography 

*It is unlikely that this workload would be exceeded in a surgery where 300 periapical films are used, or 
60 panoramic examinations made, each week. 
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(ii) 150 mA min in any week for panoramic tomography ; 

(If any individual member of staff is involved in the operation of more than one X-ray set, 
this applies to the total workload of aU the sets.); 

(c) all other relevant provisions of the approved code of practice are complied with and the X-ray 
set is adequately maintained. 

The controlled area is confined to the primary beam until it has been sufficiently attenuated by 
distance or by absorption in material and, in other directions, to a zone within 1 m of the patient 
and of the X-ray tube; if the X-ray set operates above 70 kV the distance is increased to 1 .5 m 
(AC2/3). There is no need to delineate a controlled area identified in this way nor to display warn- 
ing signs at its boundaries (AC2/6) (see also para 269). There is also no need to designate any 
supervised area. 

262 The method of identifying controlled areas described in para 261 should not be used for 
other types of work such as cephalometry, except on the advice of a radiation protection adviser 
(AC2/4); the general method described in paras 54 to 65 should be followed. 

263 A radiation warning sign, together with any appropriate words (see Appendix 3) should be 
displayed at the entrance of the room to warn those who may need to enter. However, it will 
usually be unnecessary in dental radiography to arrange an automatic warning signal at the entrance 
(AC2/13 refers to this). 

264 At larger clinics and dental hospitals where it is not reasonably practicable to use separate 
rooms for radiography, an open plan arrangement may alternatively be used. However, it is rec- 
ommended that this should be permitted only if there is a radiation protection adviser and if he 
has confirmed that the layout, protective arrangements and methods of work are satisfactory. The 
requirements and advice in paras 259 to 263 may be modified as follows: 

(a) each bay need not be as large as a separate room would have to be; the distances quoted in 
para 258 may be achieved if the operator stands outside the bay while making the X-ray 
exposure. 

(b) the requirements of para 260 should be interpreted as applying to the whole area rather than 
to each bay, but it is important that the useful beam is not directed at adjoining bays which 
are occupied. 

(c) the radiation warning sign should be at the entrance to the area rather than at each bay. 
Maintenance of equipment 

265 The radiation safety features of equipment should be maintained and checked in accordance 
with the advice of the manufacturer or supplier and of the radiation protection adviser if one has 
been appointed. AC2/10 requires shielding (see para 259) to be maintained. There is a similar 
requirement in AC2/16 regarding the normal and back-up means for terminating the exposure (see 
para 789). This would require, for instance, checks on the consistent performance of timers. 

266 Although maintenance to avoid electrical and mechanical hazards is outside the scope of 
these guidance notes, it should be recognised that such faults can sometimes give rise to radio- 
logical hazards, for example, a faulty cable to a hand switch and failure of the mechanical stops 
which limit rotational movement. 

267 An immediate check should be made if there is any deterioration in quality or repeatability 
of radiographs. This could be due to a deterioration in processing procedures or a fault in the 
X-ray equipment. Advice on radiation checks can be obtained from the NRPB* or, by arrange- 
ment with a health authority, from that authority’s radiation protection adviser. 

General procedures 

268 Only those persons whose presence is appropriate should remain in the X-ray room when 
dental radiography is being carried out (AC2/9). If an open plan arrangement is used, all persons 
except those whose presence is necessary should be excluded from the bay and an appropriate 
area around it (as advised by the radiation protection adviser) during radiography in that bav 
(AC2/9). 

269 Where a controUed area has been identified according to the special method in para 26 1 , 
control of access to it should be exercised orally by the operator who can see any person in the 

*In Northern Ireland, the Northern Ireland Radiation Protection Service. 
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vicinity and can, if necessary, quickly de-energise the equipment from his or her normal operating 
position (AC2/6 and 7). 

270 No person other than a person undergoing examination should be exposed to the useful 
beam except, possibly, under the circumstances described in para 271 (AC2/18). It is essential 
that the operator makes certain that no part of his body will be in the useful beam and that the 
beam will not irradiate other persons in the vicinity. Whenever it is reasonably practicable to do so 
the beam should be directed away from adjacent occupied areas which are inadequately shielded 
(AC2/1 1). The beam should be considered as extending beyond the patient until it has been inter- 
cepted by primary protective shielding or attenuated by distance, e.g. in unoccupied space outside 
a window, since the beam is not always fully absorbed by the patient. 

271 It may sometimes be necessary to support a handicapped patient or a child. Care should be 
taken that one person does not regularly support these patients. Children should be held only by 
their parents or other accompanying adults. The person giving support should wear a protective 
apron (see paras 246 to 253), particularly when extra-oral films are used, and stand as far outside 
the useful beam as practicable. Attention to these points will meet the requirement in AC2/1 9 for 
‘appropriate measures ... to keep the doses received by that person to the minimum reasonably 
practicable’. 

272 It is essential that the tube housing is not held by hand during an exposure. The operator 
should take up a position at not less than the distance stated in para 258 making the fullest use of 
the length of cable to the irradiation switch. Where a protective panel is provided he should stand 
behind it. Protective clothing is not normally needed for the operator. 

273 Compliance with the above recommendations on beam avoidance and minimum distance 
will ensure that the operator of an ordinary dental X-ray set or an X-ray set for panoramic tom- 
ography, meeting the conditions of para 261 , does not enter a controlled area. He does not there- 
fore need to be a classified worker but occasional personal monitoring is nevertheless recommended 
(see para 121). 

274 ‘The useful beam should be limited by appropriate means to the minimum size that is 
reasonably necessary for the work’ (AC2/1 1). The beam size will usually be determiaed by the 
equipment (see paras 781 to 784) but, where there is a choice of beam sizes, it is essential that 
the correct size is selected for the particular examination (see paras 278 and 281). 

275 The fastest available films consistent with satisfactory diagnostic results should be used. 

Strict attention should be paid to correct and consistent film processing so as to produce good 
quality radiographs and avoid the necessity for examinations to be repeated. 

276 The operator should check that the warning light comes on at each exposure and goes off 
again at the end of the intended exposure time. If he has any reason to think that the timer is un- 
reliable or that there may be some other fault (e.g. signs of damage, excessive temperature), he 
should not use the equipment until it has been checked and, if necessary, repaired. 

Use of equipment specifically designed for dental radiography with intra-oral films 

277 Intra-oral films are those used wholly (standard or small periapical or bitewing) or partly 
(occlusal) in the mouth. 

This section also applies where the same equipment is used with extra-oral films. 

278 It is essential to use a field-defining spacer-cone conforming with the requirements of paras 
776 to 792. When alternative cones are available or interchangeable cones are provided, the one 
most suited to the technique to be employed should be fitted. The tip or open end should be 
placed as close as possible to the patient’s head to minimise the size of the incident beam. If it is 
desired to use a larger focal spot-to-skin distance a longer cone should be employed. 

279 Whenever practicable, the beam should not be directed towards the gonads. If the patient is 
a woman who might be pregnant, care should be taken that the fetus is not irradiated inadver- 
tently. Where such a beam direction cannot be avoided, the patient’s body should be covered by a 
protective apron having a lead equivalent of not less than 0.25 mm. 

280 Wherever practicable, the dental film should be fixed in position; otherwise it should be 
held by the patient. It is essential that it is not hand-held by the dentist or his staff. Exceptionally 
it may be held by an assistant using a pair of forceps to avoid irradiation of his fingers, for example 
when the patient is a child or a handicapped person. 
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281 The settings of the controls should be checked on each occasion before an examination is 
made. This is particularly important when reverting to the use of a short cone after using a long 
cone and when there is more than one beam size setting; the larger apertures may be quite unsuit- 
able for use with intra-oral films. 

282 Where practicable, intensifying screens should be used with extra-oral films and for vertex 
occlusal views. 

Panoramic tomography 

283 The irradiation switch should be released immediately if the rotational movement fails to 
start or stops before the full arc is covered. 

Panoramic radiography with an intra-oral X-ray tube 

284 Beam applicators should be used to rnmirnise the absorbed dose to tissues such as the 
tongue which do not have to be irradiated for the purpose of producing a satisfactory radiograph. 
Care should be taken in positioning the X-ray tube in order to get satisfactory and consistent 
results. 

Cephalometry 

285 The focal spot-to-skin distance should be at least 30 cm in accordance with general radio- 
graphic practice. It will usually be greater than this. 

286 The patient should be positioned in relation to the X-ray field by means of a cephalostat. 
Dentral fluoroscopy 

287 The results obtained by intra-oral fluoroscopy, using a mouth mirror and attached fluoro- 
scopic screen, do not justify its use. In view of the hazards of this technique it is essential that it is 

not practised. New fluoroscopic techniques using image intensifiers should be carefuUy assessed 
before they are introduced. 
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Therapeutic uses 
of radiation 
beams, remotely- 
operated after- 
loading 

equipment and 
extra-corporeal 
blood irradiators 
and neutron 
activation 
analysis 



Scope 

288 This section is concerned with: 

(a) radiotherapy using a collimated beam of ionising radiation (X-rays, gamma-rays, beta-rays, 
electrons or neutrons); 

(b) the use of remotely-controUed after-loading equipment which transfers sealed sources from a 
storage container into applicators pre-positioned at a treatment site and withdraws the sources 
after treatment; 

(c) the use of equipment containing sealed radioactive sources, emitting beta rays and gamma rays, 
for extra-corporeal irradiation of blood; 

(d) neutron activation analysis using a neutron generator tube. 

289 The guidance also applies when equipment primarily intended for therapy or activation 
analysis is being tested or calibrated at its place of use and when sealed sources are being loaded or 
unloaded there. 

290 Section 2 of Part 2 of the approved code of practice applies to all these procedures when 
carried out using either: 

(a) a machine or apparatus in which charged particles are accelerated through a total potential 
difference of more than 5 kV; or 

(b) equipment incorporating one or more radioactive sources if the absorbed dose rate in air in 
the useful beam exceeds lOmGy h~^ (1 radh"^) at 1 m from the source(s). (AC2/21 and 22.) 

Class (b) will include most types of teletherapy equipment and of high activity after-loading 
equipment.* 



291 Sources may be administered to patients using remotely-controlled after-loading, or a beam 
of neutrons administered in order to generate a radioactive substance in the body, only by, or 
under the direction of, an authorised person (see para 47). (The Medicines (Administration of 
Radioactive Substances) Regulations 1978.^“^) 

Principles 

292 Adequate protectiont should be provided for staff and members of the pubHc in the 
vicinity, including waiting patients and relatives. Steps should be taken to lessen the risk of a 
clinically significant difference between the absorbed dose delivered to the treatment volume of 
the patient and the dose prescribed. The radiation dose to all parts of the patient’s body which are 
outside the treatment volume should be minimised. 

Equipment 

293 It is essential that equipment for beam therapy, remotely-controUed after-loading and extra- 
corporeal blood irradiation conforms with the general requirements in paras 726 to 733, and, 
except where a British Standard takes precedence, with the particular requirements of paras 793 
to 829. 

294 Where it is not reasonably practicable to modify existing equipment so that it fully con- 
forms with these requirements (para 731), it is essential to introduce special operational measures 
designed to give an equivalent degree of safety; these should be incorporated in the local rules and 
reviewed periodically. 

Installation and structural requirements 

295 The work should be carried out in a room or enclosure set apart for the purpose (AC2/24). 
This will be referred to as the treatment^ room. High activity after- loading equipment not subject 
to Part 2 of the approved code of practice (see footnote to para 290) should also be used only in a 
treatment room. Low activity after-loading equipment is designed to be used either in a treatment 
room or, more usually, in a ward. The treatment room should preferably be sited in a radiotherapy 
department. 

296 The treatment J control panel should be located outside the treatment room except for 
superficial therapy equipment not capable of operating at more than 50kV where it may, if 
necessary, be in the room (AC2/27 and 31). 

*It should be noted that the definition of high activity after-loading equipment (see Appendix 7) refers to an 
absorbed dose rate in air exceeding 5 mGyh"^ (0.5 radh“*) at 1 m. 
t Defined in Appendix 7. 

4The word ‘treatment’ is used to include irradiation for neutron activation analysis. 
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297 The treatment room should provide appropriate shielding for all persons outside the room 
(AC2/24); properly designed structural shielding will be needed. The shielding may be considered 
‘appropriate’ if no person working in an adjoining area is liable to receive a dose of more than 
three-tenths of the dose limits for workers (and no member of the public more than one-tenth of 
these limits) as a result of the work carried out in the room. If the useful beam is collimated and is 
always directed away from particular occupied areas the wall, ceiling or floor between the treat- 
ment room and these occupied areas may be designed to afford protection against leakage and 
scattered radiation only. It is, however, essential that full protection commensurate with the use 
of the adjoining space is provided in all those occupied areas* towards which the useful beam may 
be directed. (Details of the properties of shielding materials can be found in BS.4094^'^^^ or in 
ICRP publication 21.*^^) It is essential that observation windows: 

(a) are so located that, unless they are specially designed and constmcted, they cannot be 
irradiated by the useful beam except from after-loading equipment; 

(b) provide at least the same degree of protection as that required of the walls or doors in which 
they are located. 

If a maze entrance is arranged, the protection provided by the door may be reduced or the door 
may be replaced by another type of barrier (see para 298). In calculating the thickness of second- 
ary shielding, allowance should be made for the fact that the area of wall, floor and ceiling which 
is a source of once scattered radiation is much greater when the useful beam is uncollimated (as in 
after-loading equipment). 

At every entrance to the treatment room there should be a door or (providing that the 
shielding of the room is not prejudiced) other barrier to control access (AC2/27). A beam of light, 
arranged so that any person entering the room will intermpt it, could be a suitable barrier 
(AC2/30); or the barrier might be a gate or bar provided that no person could by-pass it. 

Effective devices should be provided so that it is not possible to switch on the radiation beam or 
drive out radioactive sources from the storage container while a door or barrier is open or inter- 
rupted (AC2/27). In addition, the interlock should be arranged so that when any door or barrier 
to the room is opened or interrupted while the equipment is in use the radiation beam is immedi- 
ately switched off or the radioactive sources are immediately returned to the storage container, it 
not being possible to reinitiate the exposure except from the control panel (AC2/27). (These 
requirements of the approved code do not apply if the only source of ionising radiation is an X-ray 
equipment capable of operating at no more than 50 kV (AC2/31).) 

299 The interlock referred to in para 298 should not be reset by accidental closure of the door 
or restoration of the light beam. A reset switch should be provided near the exit from the room at 
a position from which a person leaving the treatment room has a clear view of the room. If there is 
a maze entrance, either this switch should have a delayed action to allow the person time to leave 
the room after resetting the interlock or there should be a second switch, in series with the first, 
just outside the door (or barrier). In cases where the controlling authority is satisfied that doors 
can be closed only by positive action, this action may be accepted as the reset mechanism or, if 
there is a maze entrance, as the means of operating the second switch. 

300 If it is anticipated that, in exceptional circumstances, it may be necessary to take the inter- 

lock referred to in para 298 out of operation, a key-operated override should be provided fsee 
para 338). ^ 

301 For the protection of persons who may be accidentally shut inside the treatment room the 
approved code requires that, where necessary, 

(a) it should be possible to leave the room without delay; or 

(b) there should be means of controlling the radiation sources from inside the room; or 

(c) there should be a shielded area in the room. (AC2/32). 

If the first option is chosen it will be necessary to ensure that the door can be opened quickly 
from inside. The second option could consist of one or more emergency OFF switches to prevent 
or stop emission of the useful beam. The third option could be the baffle wall of a maze entrance. 
These features are primarily for the protection of staff; patients could not be expected to use them 
unaided. In addition there should, where necessary, be a means of communication whereby help 
may be summoned from outside (AC2/32). 

*Areas such as roofs and upper parts of exterior waUs need not be considered as occupied areas if they have 
been declared prohibited areas and if effective arrangements have been made to prevent access at any time when 
the equipment is, or may be, in operation. They may need to be controlled areas. 
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302 There is a general requirement to provide ‘shielding appropriate to the circumstances’ 
(AC2/34). This will include shielding which forms part of the equipment, shielding to attenuate 
the residual useful beam and protective panels which provide shielding against scattered radiation. 

It is of particular importance if any person, other than the patient, has to be in the room. 

303 Treatment rooms will usually be controlled areas and therefore warning signs will have to 
be posted (see para 60). However, it is essential that all treatment rooms are prominently marked 
with a sign indicating ionising radiation (see Appendix 3). 

304 Means for observing the patient from the control panel during treatment are essential; it 
should also be possible to communicate orally with the patient. 

305 An automatic warning signal should be given (see para 806) at each entrance to the treat- 
ment room and inside the room (AC2/36) to indicate: 

(a) that the useful beam of an X-ray tube, electron accelerator or neutron generator is being 
emitted; or 

(b) that a radioactive source is not in a fully shielded state in the source housing or storage 
container. 

The signal at the entrance should take the form of an illuminated notice, preferably red, which 
says ‘Do not enter’ when the radiation is ‘on’ and which is not legible when the radiation is ‘off; 
alternatively there could be a red light with an accompanying notice to explain its significance. It 
is essential that the warning inside the room includes both visible and continuously audible signals. 
The visible signal should be positioned where it can be readily seen by staff who are setting up a 
patient. With regard to the audible signal, a sound which is emitted naturally by the equipment 
only in the ‘beam on’ condition may be acceptable. Otherwise a frequency of 500—800 Hz is 
recommended; it may be modulated. 

306 For high activity after-loading equipment, a radiation monitor should be installed in the 
treatment room and arranged to operate the audible signal, in preference to direct operation by 
the equipment (as for the visible signals). For gamma beam therapy equipment, an independent 
radiation monitor is a desirable additional safeguard. The radiation monitor should have a ‘supply 
on’ indicator lamp and should preferably be coimected directly to the general electrical supply 
rather than to the radiotherapy equipment. Moreover, preference should be given to the use of a 
supply which is linked to an emergency generator. 

307 Normally an installation designed for the production of X-rays and satisfying the require- 
ments of the preceding subsections will provide adequate protection when used for the production 
of an electron beam. The shielding of the treatment room in those directions in which the useful 
electron beam can be directed should, however, take into account the production of bremsstrahlung 
in the shield itself. Consideration should also be given to the need for a solid barrier such as a 
wooden door at the maze entrance. 

308 Treatment rooms used for electron beam therapy should be well ventilated to remove ozone 
formed by irradiation of the air. This is particularly important for whole-body electron treatments 
using a long-distance technique and high electron beam current. The ozone concentration should 
not exceed 0.1 ppm. 

309 Neutrons may be produced adventitiously by X-rays (including bremsstrahlung from elec- 
tron beams) of energy exceeding about 8 MeV and consequently may form a significant fraction of 
the stray radiation from very high energy equipment. In addition, radioactivity may be induced in 
surrounding materials, including air and dust. The extent of these hazards should be assessed in the 
planning stage and any necessary safety measures, e.g. choice of appropriate wall material and 
forced ventilation, incorporated into the design of the treatment room. 

310 The beam from a neutron generator will always be accompanied by gamma rays and the 
shielding design should take this into account. All materials in the treatment room should be care- 
fully chosen with regard to induced radioactivity. Effective ventilation should be provided, to 
remove hazards from radioactivity induced in air and dust, and the exhaust discharged into the 
open air, after filtration if necessary. If the neutron generator is continuously pumped, the exhaust 
from the pumping system, which will contain tritium gas released from the target, should be dis- 
charged outside the building. 

311 No new beta or gamma beam therapy equipment, remotely operated after-loading equip- 
ment or extra-corporeal blood irradiator should be brought into use, or a new sealed source 
installed in existing equipment, without a valid leakage test certificate (ACl /204) (see also 
para 325). 
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312 It is essential that no more than one radiation source is installed in a treatment room. An 
after- loading equipment containing a number of sealed sources may be considered as a single 
radiation source. 

Calibration and maintenance 

313 It is essential that a qualified and experienced radiation physicist is made responsible for 
ensuring that all X-ray, electron beam and neutron beam apparatus used for therapeutic purposes 
is calibrated as follows; 

X-ray: at intervals of not more than four weeks; 
electron beam: on each day when electron therapy is used; 
neutron beam: on each day when neutron therapy is used. 

The measurements made at each calibration should be sufficient to ensure that the output 
absorbed dose rate for all operational conditions can be estimated. Where output absorbed dose 
rates vary by more than 5 per cent between successive calibrations more frequent calibrations 
should be carried out. 

314 The date and results of calibration should be entered and signed or countersigned by the 
physicist on calibration sheets which should be displayed as near to the control panel of each 
generator as practicable. 

3 15 It is also essential that a qualified and experienced radiation physicist is made responsible 
for ensuring that all gamma- and beta-ray apparatus is checked for correct operation and applica- 
bility of the output data in use, at least once every four weeks. 

316 It is essential that the causes of any changes exceeding 5 per cent in the output absorbed 
dose rate reported to or by the physicist are investigated and that, where these appear to concern 
protection, the radiation protection supervisor is informed. 

317 Whenever adjustments, other than normal operation of the controls, have been made to the 
equipment, following breakdown or for any other reason, it is essential that the physicist ensures 
that the apparatus is recalibrated before it is again used for the treatment of patients. 

318 It is essential that dosemeters used for calibrations and check of output are maintained in 
good condition and appropriate tests made to ensure that their sensitivity remains constant. They 
should be checked at intervals of not more than one year against a recognised secondary standard 
meter over the range of radiation qualities normally used. 

319 It is not the function of these guidance notes to give details of the procedures to be adopted 
for ensuring that the equipment is properly calibrated. Recommendations for the procedures to be 
adopted have been published by the Hospital Physicists’ Association^®® and by the American 
Association of Physicists in Medicine^ they are also given in other standard texts. 

320 As far as is practicable, routine procedures should be established which will enable checks to 
be made regularly of the functioning of those interlocks and trip switches the operation of which 
is not obvious in treatment practice and those which are not expected to operate in treatment 
practice except in abnormal circumstances. 

321 The radiation safety features of equipment should be maintained and checked in a manner 
and at a frequency specified by the radiation protection adviser. Particular attention should be paid 
to door interlocks (AC2/27), emergency exits and controls (AC2/32), means of communication 
(AC2/32), shielding (see para 302) (AC2/34) and the primary back-up means for terminating 
irradiation at the end of a pre-set time or when a pre-set radiation dose has been delivered (see 
para 799) (AC2/37). It is essential to verify that the signals referred to in paras 305 and 805 to 
807 are given correctly; faulty lamps should be replaced immediately. A record of defects and 
maintenance should be kept for each equipment. 

322 It is essential that any person who carries out any modification to, or maintenance of, any 
apparatus, the result of which might be to alter the output or quality of the radiation or the pro- 
tection of the radiation source, immediately attaches to the apparatus a notice drawing attention 
to such modification or maintenance, and also on each occasion informs (in writing) the radiation 
protection supervisor and the radiographer in charge; it is essential that the latter enters the details 
in a record book kept for the purpose. It is also essential that the equipment is not used again until 
the physicist responsible for the equipment has been informed and has confirmed by written entry 
in the record book that it is safe and that he has completed such recalibration as he deems necessary. 
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Table 6 



Equipment 



Place to be wipe-tested 



Beta- or gamma-beam therapy equipment 
Remotely controlled after-loading equipment 
Extra- corporeal blood irradiators 



The surface of the radiation head including the beam aperture 
The internal surfaces of the transit tubes* 

The source housing 



♦ All the sources should have recently passed through the transit tubes 



323 When maintenance work has to be done in the vicinity of the electron path, the X:tay target, 
the filter, or the magnet system of any high energy machine, or on any neutron generator, monitor- 
ing for possible induced activity should first be carried out. If significant activity is detected, pro- 
tective measures, such as remote handling (see para 480) and the wearing of protective clothing 
(see paras 468 and 475), should be taken or, where practicable, further work postponed until short 
lived activity has decayed. 

324 Tritium targets for neutron generators should be handled only with forceps or other remote 
means. Some of the tritium released from the target of a continuously pumped tube will be trapped 
in the vacuum system so precautions appropriate to the handling of unsealed radioactive substances 
should be taken in changing the pump oil or carrying out other pump maintenance. Old pump oil 
should be treated as radioactive waste (see para 677). 

325 If the equipment includes one or more radioactive sources a leakage test should be made at 
least every 26 months; where sources are subject to mechanical wear or there would be a special 
hazard from any leakage, the radiation protection adviser should be consulted on the need for 
more frequent tests (AC 1/205). For either or both of these reasons it may be advisable to test 
more frequently sources which are in constant use for remotely controlled after- loading. A test 
should be made whenever any damage ta a source is suspected (ACl/206). It is usually unnecessary, 
and likely to be more hazardous, to make direct leakage tests on installed gamma sources. Instead, 
the equipment should be tested for leakage at the sites indicated in Table 6. 

If the activity measured on the swab is less than 200 Bq (5 nCi) the source(s) may be considered to 
be leak free. If the activity is greater than this it is essential to make immediate arrangements to 
prevent the spread of contamination and later to remove the leaking source and decontaminate the 
equipment; further leakage tests will be necessary where there is more than one source in order to 
determine which one is leaking. In carrying out leakage tests of beta sources care is essential to 
avoid damaging the window through which the beta radiation is emitted. (See para 639 regarding 
methods of leak testing and test records.) 

Loading or exchanging sources in beta or gamma beam therapy equipment within a hospital 

326 The greatest care is essential when loading or exchanging sources in beam therapy equip- 
ment in view of the. high activity of these sources. It will usually be necessary to override the 
interlock referred to in para 298 and if this is so the work should be carried out in accordance 
with a written certificat*. 

327 It is essential that loading and unloading is carried out only by properly trained and experi- 
enced persons. They should be authorised to be inside the treatment room while the work is being 
carried out, their names being shown on the certificate; it should be ensured that no unauthorised 
persons enter or remain in the room (AC2/28). 

328 If the work is carried out by a contractor, either with his own engineers or in collaboration 
with hospital staff, it is essential that responsibility is clearly defined (see para 21). These oper- 
ations are only infrequently carried out in a particular department and they require good co- 
ordination between individuals who do not usually work together (i.e. contractor’s and hospital 
staff). 

329 The procedure which has been agreed in advance, incorporating the equipment manufac- 
turer’s technical instructions and which is specified in the certificate, should be strictly followed 
(AC2/28). The radiation protection adviser may wish to be present or to arrange for a physicist 
to supervise the radiation protection aspects. 

330 The transfer container should be so positioned in relation to the radiation head that the 
source remains shielded throughout the transfer operation. When it is necessary or possible for the 

*See AC2/28 for a list of the details to be shown in the certificate. 
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source to be moved into a temporary position which is not fully shielded, a mechanical device 
should be used to limit the distance of travel. 

331 Since it is reasonably foreseeable that, as a result of difficulties encountered during the 
source transfer, significant exposure to ionising radiation might occur, a contingency plan must 
have been made and those concerned instructed accordingly (see para 86) (Reg 31). 

332 It is essential that special dosemeters and dose-rate meters are provided and used for moni- 
toring the operation. Direct-reading personal dosemeters (e.g. quartz fibre electrometers), covering 
the anticipated dose range and a range one order of magnitude higher, should be worn, in addition 
to the normal individual dosemeters, by all persons involved. 

333 It is essential that the person supervising the operation is additional to those concerned in 
the actual loading or unloading. He should monitor and time the operation and, in case of diffi- 
culty, give instructions for the contingency plan to be followed. 

334 When the operation is complete the interlock should be reinstated and the person named in 
the certificate as responsible for this should sign the certificate (AC2/28). 



General operating procedures (equipment installed in a treatment room) 

335 All persons except the patient should be effectively excluded from the treatment room 
while the radiation beam is switched on, except under the circumstances described in paras 336, 
345,361 and 367 (AC2/25). 

336 Very occasionally it may be necessary for a person, other than the patient, to be in the 
treatment room during a treatment, for example when treating some babies or mentally unstable 
persons. This person should not be the regular operator of the equipment. The procedure to be 
followed to ensure that he is adequately protected should be in accordance with a written 
certificate* issued by the controlling authority after consulting the radiation protection adviser 
(AC2/25). This certificate, which showst the names of the person(s) authorised to be in the 
treatment room and the reasons for his presence, will apply only to the particular treatment or 
course of treatment. It is suggested that the controlling authority should nominate the head of 
department to issue such a certificate on its behalf. It is essential that the person(s) who remains 
in the room is adequately instructed about the risk involved and the precautions to be taken, 
which may include the use of fixed shielding, protection by distance and, in the case of super- 
ficial therapy by X- or /3-radiation, protective clothing (see paras 246 to 253). It is also essential 
that he is provided with a dosemeter. Particular care should be taken where the same person might 
be asked to assist the patient on more than one occasion. (See also para 62 regarding entry of 
controlled areas.) 

337 The operator should ensure that no person other than the patient or person referred to in 
para 336 is in the treatment room or the maze entrance before he resets the door or barrier inter- 
lock or shuts the door. 

338 In exceptional circumstances it may, in the interests of a particular patient, be considered 
necessary to override the interlock referred to in para 298. The following procedure should be 
followed: 

(a) a written certificate should be issued as when the interlock is overridden for source changing 
(see para 326); 

(b) the certificate should, additionally, give the reason for overriding the interlock; 

(c) the key with which the interlock is rendered inoperative (see para 300) should be kept by an 
authorised person. 

(d) the interlock should be reinstated as soon as possible after the treatment is complete; the 
certificate should then be signed. 

(e) a report should be made and kept available for inspection by staff or their representatives. 
(AC2/29). 

The report should contain, for example, details of the doses received by any persons, other than 
the patient, who are in the treatment room. 



*For exceptions see paias 345, 361 and 367. 
fThe full details to be shown are listed in AC2/25. 
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339 No-one apart from the patient should ever be exposed to the useful beam (AC2/38). Any- 
one permitted to be in the treatment room should take the greatest care to be as far as practicable 
from the beam. The hazard from a superficial therapy X-ray tube is particularly great because the 
filtration may be very low. 

340 Some of the wall, ceiHng or floor areas may afford protection only against leakage and 
scattered radiation (see para 297). If the beam direction is not limited by mechanical means so 
that it cannot reach these areas, permitted directions should be specified and set down on a 
notice displayed at the control panel. 

341 To avoid accidental overexposure of patients, a rigid procedure in operating apparatus is 
essential, each member of the staff being aware of this procedure and clearly understanding the 
extent of his own responsibility. It is essential that the procedure includes the checking, by the 
person responsible for operating the machine, of the operating conditions of the apparatus on each 
occasion before a patient is treated. Following experimental or maintenance work and before 
treatments are commenced, a dummy run should be made to ensure that equipment is functioning 
normally and that interlocks are working. 

342 Radiographers should report immediately to the physicist in any of the following circum- 
stances: 

(a) if the readings of the primary and back-up integrating dosemeters or timers differ, from each 
other or from the anticipated value, by more than some locally agreed amount. 

(b) if any other indication, such as of absorbed dose rate. X-ray tube voltage or current, differs 
from its anticipated or pre-set value by more than some locally agreed amount or if the X-ray 
tube voltage or current falls outside the stabilised limits; 

(c) if the treatment is terminated by any event other than the primary dose-integrating system or 
timer; 

(d) if any interlock or trip switch is seen not to be functioning correctly. 

The equipment should not be used again until the matter has been investigated and rectified. 

343 Careful attention should be given to methods of permanently recording all radiotherapy 
doses and treatment parameters in patients’ records (see para 1 60). If an accidental overdose 
occurs, details of doses and of all treatment parameters are of great value in assessing the future 
clinical management of the patient and as evidence in determining the cause of the accident. 



Superficial therapy procedures (10— ISOkV X-rays) 

344 Where a dose-rate monitor is not fitted, the output under standard conditions should be 
checked at least once each working day, and any variations between successive checks of 5 per 
cent or more reported to the physicist responsible for the caHbration. 

345 If the equipment is not capable of operation above 50 kV the certificate described in para 
336 is not required but all persons whose presence is not appropriate should be excluded from the 
treatment room while the beam is switched on (AC2/31). For some equipment of this type the 
treatment control panel will be in the room (see para 296) and it will then be necessary for the 
operator to be inside. 

346 The operator and any other person who needs to be in the treatment room should wear a 
protective apron and, if the hands are likely at any time to be close to the useful beam, protective 
gloves (see paras 246 to 253). They should also make use of protective panels (see para 302). 

347 It is essential that the X-ray tube is not held by the operator while high voltage is applied. 



Deep therapy procedures (150^00 kV X-rays) 

348 The back-up timer should be pre-set to a time greater than the estimated duration of treat- 
ment, but not more than 10 per cent greater. 

349 If there is no facility on the equipment for the electrical checking of the choice of wedge 
filter, great care should be taken in the identification and positioning of wedge filters and other 
beam modifying devices. 

High energy X-ray or electron therapy procedures using accelerators 

350 Where a timer is provided which can be pre-set by the operator it should be pre-set to a time 
greater than the estimated duration of treatment but not more than 10 per cent greater. 
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351 Treatment times of less than 10 seconds are too short to allow for manual switching off in 
emergency. For normal X-ray and electron beam treatment the dose-rate should be limited so that 
the treatment times used are not less than 20 seconds. 

352 It is essential that mental arithmetic under stressed conditions is minimised and that meter 
readings can be readily converted into terms which are meaningful as regards dose to the patient 
being treated. Thus dosemeter conversion tables for each mode of operation should be perma- 
nently displayed. 

353 When accelerators are operated above 8 MeV safety precautions regarding induced radio- 
activity, e.g. delay in entering the room, may be necessary; the room may need to be designed as a 
controlled or supervised area on account of this radioactivity. The possibility of induced activity 
should govern the choice of materials used for collimating the electron beam and for the local 
shielding of the patient. 

354 A special problem of high energy electron treatment is that there may be two or more com- 
binations of scatterer and/or distance. This gives a multipHcity of calibration factors for attention 
during operation which does not normally occur in X-ray operation. The number of these dose- 
meter conversion factors or treatment parameters should be kept to a minimum. 

355 Additional precautions are necessary for patient safety when accelerators are used for 
whole-body electron treatments. Recommendations are given in Appendix 4. 

Neutron therapy procedures with d-T generators or cyclotrons 

356 Account should be taken of : 

(a) the difference in primary radiation between the two types of equipment; 

(b) the presence of gamma rays and scattered neutrons; 

(c) induced radioactivity. 

357 Two dose integrating systems should be used. The use of a timer alone is inadequate because 
of fluctuations in dose rate. 

Neutron activation analysis 

358 In view of the very short half-lives of many of the radionucHdes formed in the body, it is 
essential that all operations are planned and carried out in such a way that activity can be 
measured with the minimum time delay after irradiation. This will minimise the necessary ir- 
radiation and therefore the radiation dose to the patient. 

Beta- and gamma-beam therapy procedures 

359 In addition to normal personal dosemeters, radiographers should wear personal, audible 
dose-rate monitors unless a radiation monitor operating an audible signal has been installed. The 
personal monitors should be switched on throughout the working period and should be capable of 
giving a recognisable signal at a dose rate of 0.1 mGyh“^ (lOmradh"^). They would give warning 
on entering the treatment room if the source is not in the fully shielded ‘off’ position due to a 
failure of the safety arrangements. 

360 Radiographers should know how to use the emergency manual means (see para 8 1 8) of 
returning the source to the ‘off position with the least practicable exposure of themselves and the 
patient and should check regularly that any tool(s) required for this operation are in the proper, 
accessible position near the entrance to the room. 

361 If it is not possible, even by the emergency manual means, to return the source to the ‘off 
position it will be necessary to enter the treatment room in order to remove the patient. This 
should be done as quickly as possible and taking the greatest care not to be exposed to the useful 
beam or, if this is impossible, for the shortest possible time. If it is possible to close the collimators 
from the control panel this should be done before entering the room; otherwise, it may be advis- 
able to close the collimators immediately after entering the room. Entry in an emergency to secure 
the safety of a patient is specifically permitted without a certificate (AC2/26). Advice on the best 
procedure, as well as the arrangements described in para 360 form part of the contingency arrange- 
ments required by Reg 3 1 (see para 86). 

362 As a teletherapy source is stiU emitting radiation when in the ‘off position, the room should 
be occupied only for necessary purposes associated with the operation and maintenance of the 
apparatus and other essential activities. 
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363 To protect other persons, such as cleaners, who may enter the treatment room while the 
equipment is unattended, the shutter or source should, where a lock is provided on the equipment, 
be locked in the ‘ofT position when the equipment is not in use. 

The use of remotely-operated after-loading equipment, installed in a treatment room 

364 To minimise the possibility of sources sticking in transfer tubes and applicators, excessive 
bending should be avoided and the manufacturer’s recommendation on minimum radius of curva- 
ture followed. Transfer tubes and applicators should be regularly examined for kinks. 

365 Radiographers should know how to use the emergency manual means provided on high 
activity equipment (see para 823) of returning sources to the storage container with the least 
practicable exposure of themselves and the patient and should check daily that any tool(s) re- 
quired for this operation are in the proper, accessible position near the entrance to the room. 

The arrangements described in this and the following subsections form part of the contingency 
arrangements required by Reg 31 (see para 86). 

366 In the event of failure of all the systems provided on equipment for return of sources it may 
be necessary to withdraw the loaded applicators from a patient manually, using if necessary long 
handled forceps or other instruments. It is essential that clear written instructions are permanently 
displayed to cover this eventuality and that any handling instruments required and a protected 
receptacle are readily accessible. The treatment room may be entered under these circumstances 
without a certificate (AC2/26). 

367 It is essential that a portable radiation monitor is readily available to staff. Where an installed 
monitor has indicated a failure of both the normal and emergency source return mechanisms, and 
the room has to be entered to attend to a patient, the portable monitor should be used to locate 
the source. Since one of the malfunctions for which such a monitor is required is a mains supply 
failure, the monitor should be battery operated. In the case of low activity equipment without an 
installed monitor, it is essential to use the portable monitor after each treatment to check that all 
sources have been returned to the source container. 

368 As the sources are still emitting radiation even when in the storage container, the room 
should be occupied only for necessary purposes associated with the operation and maintenance of 
the apparatus and other essential activities. 

The use of mobile and portable equipment 

369 This section applies to the use of low activity after- loading equipment which is not installed 
in a treatment room and of extra-corporeal blood irradiators. 

370 Wards in which the equipment is used may need to be designated as controlled or supervised 
areas. Consideration should be given to this in advance to avoid delay when a patient is admitted 
for treatment. The radiation protection adviser should, therefore, be informed about the maximum 
probable number of patients, the type and activity of the sources expected to be used, and the 
duration of treatment. He should also be informed, forthwith, if later it appears likely that the 
workload will be higher than that assumed for planning. 

371 Where practicable, treatment should be carried out in wards having only one or two beds, 
particularly if the absorbed dose rate at 1 m is greater than 2mGyh"^ (0.2 rad h~^), care being 
taken to ensure that adjoining rooms are adequately protected. Where a general ward is used, 
either the whole ward or some part only of it may be a controlled or supervised area (see para 58). 

372 Both the equipment and the beds of patients under treatment in a general ward should be 
positioned: 

(a) in accordance with the arrangements for area designation and the terms of any scheme of 
work; 

(b) taking into consideration the consequential radiation doses, both individual and collective, to 
other patients; 

(c) so that the equipment and, in the case of after-loading equipment, the patient are not less than 
2.5 m from the centre of any bed occupied by another patient. 

373 Where practicable, mobile protective barriers should be used around the beds of patients 
while after- loading treatment is in progress. 

374 When the equipment is in operation it is essential that a sign to indicate ionising radiations 
(see Appendix 3) is displayed on or near it. 



Printed image digitised by the University of Southampton Library Digitisation Unit 



43 



375 It is essential that medical, nursing and ancillary ward staff and other persons do not remain 
unnecessarily in the vicinity of patients during after-loading treatment or of blood irradiators 
which are in use. Where it is clinically acceptable, after- loading treatment should be interrupted 
and the sources withdrawn whenever practicable during nursing procedures. 

376 Visitors should not be allowed during treatment periods, except at the discretion of the 
clinician in charge and the radiation protection supervisor. 

377 After the completion of treatment with low activity after- loading equipment, it is essential 
to use a portable radiation monitor to ensure that aU sources have returned to the storage con- 
tainer unless there are other adequate means of ensuring this. In the event of failure of all the 
systems provided on equipment for return of sources it may be necessary to withdraw the loaded 
apphcators from a patient manually, using if necessary long handled forceps or other instruments. 
It is essential that clear written instructions are permanently displayed to cover this eventuality 
and that any handling instruments required and a protected receptacle are readily accessible. 

378 It is essential that, when not in use, the equipment is so stored that it will not give rise to 
significant exposure of any person (see para 625). 
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Brachytherapy 



Scope 

379 This section sets out the necessary precautions to be taken in the use of small sealed or 
other closed sources for superficial, intracavitary or interstitial radiotherapy, other than by 
remotely -controlled after-loading. This includes the preparation, sterilisation and testing of these 
sources, but paras 606 to 664 should be consulted for guidance on storage arrangements. The • 
sources considered include, for example, radium, caesium-137 and cobalt-60 needles and tubes, 
gold-198 grains, tantalum-182 and iridium-192 grains and wires, and strontium-90 and other beta- 
ray plaques. 

380 The approved code of practice does not contain specific requirements for the control of 
sources of ionising radiation used in brachytherapy and for the provision of safety features and 
warning devices. Guidance on meeting those of the general requirements (Reg 20 and ACl/131 to 
139) which are relevant are given in this section. The advice of the radiation protection adviser 
should also be sought (ACl/142). 

Sources for brachytherapy 

381 It is essential that all sources used for brachytherapy are closed sources. They must, when- 
ever reasonably practicable, be in the form of sealed sources (Reg 27). 

382 The immediate container or bonding of each sealed source should be of sound construction 
and adequate mechanical strength taking into account the conditions of use (AC 1/202). It will 
therefore be necessary to consider the physical, thermal and possibly corrosive effects of repeated 
handling, cleaning and sterilisation. Attention should be paid to the supplier’s recommendations 
on working life and environment of use. 

383 Sealed sources should conform with British Standard 5288^'^'^^ Additional tests may be 
necessary for sources which are to be inserted in interstitial or intracavitary applicators subject to 
severe deformation in use. 

384 It is essential that no singly- encapsulated radium sources are used. 

385 Any modification of the immediate container or bonding of a source, which might occasion- 
ally be necessary, should be carried out only by a person authorised in writing by the controlling 
authority and in accordance with specific instructions laid down after consultation with the 
radiation protection adviser (AC 1/209). This does not apply to normal operations such as the 
cutting of iridium-192 wire into lengths for treatment. 

Preparation and cleaning room 

386 It is essential to provide a separate room for the ‘make-up’ and cleaning of sources and appli- 
cators and this room should be occupied only during such work. The room will usually need to be 
designated as a controlled or supervised area on account of external radiation from the sources 
which are used although every effort should be made to reduce the doserate in the room by the 
use of local shielding (see paras 407 to 415 and 417). There may be slight contamination from 
sources which are not sealed sources but it is unlikely that the room will need to be designated on 
account of contamination (unless a source is damaged). The room should be designed so that it can 
easily be cleaned and decontaminated; benches and most shielding should be fixed; work benches, 
floors and walls should have smooth impervious surfaces. 

387 It is essential that the door of the room is marked with a warning sign indicating ionising 
radiation (see Appendix 3). If the room is a controlled area this sign may form part of the necess- 
ary warning notice (see para 60). 

388 Storage for closed sources must be arranged (Reg 26). This may be in a storage safe in the 
preparation room or in a separate source store (see paras 606 to 664). 

General procedures 

389 Sources may be applied to patients only by, or under the direction of, an authorised person 
(see para 36) (The Medicines (Administration of Radioactive Substances) Regulations 1978^^^^), 

390 No source which could otherwise give rise to a dose rate to the skin (averaged between the 
depths of 5 and 10mgcm“^) exceeding 0.1 mSvh“^ (lOmremh"^) should be manipulated with 
the bare hands; devices such as forceps or tongs should be provided, mamtained and used 
(ACl/138). This will apply to all sources used for brachytherapy. Personnel engaged in the prep- 
aration or application of sources should therefore be provided with appropriate loading and 
handling tools or implant instruments which are to be used at aU times. These tools should be 
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constructed so as to provide the maximum handling distance or shielding compatible with effec- 
tive manipulation. It is essential that all operators have adequate training in these manipulative 
procedures so that sources or loaded source containers are not, under any circumstances, picked 
up directly by hand. In order to ensure that doses in excess of the dose limits are not received by 
members of the staff a rota system of duties may need to be instituted. 

391 Methods of work when manipulating sources should be reviewed periodically and systemati- 
cally to ensure that doses continue to be as low as reasonably achievable. 

392 Since handling tools are liable to become contaminated, and there is a risk that this con- 
tamination might enter the body, it is essential that the local rules prohibit the placing of objects 
in the mouth, eating, smoking, drinking or the application of cosmetics whilst within the ‘make- 
up’ and cleaning room. Only disposable handkerchiefs should be used in this room. 

393 All appliances should be carefully designed for ease and speed of handling. For example, 
needle eyes should be designed for easy threading and thread ends subject to fraying should be 
prepared with wax; screw threads should be of the optimum size and pitch to allow fast ‘jam 
proof operation. It is essential that all practicable steps in the preparation and assembly of 
appliances are carried out before the insertion of the source. 

394 Rubber tubes into which sources are to be loaded should be inspected before use to ensure 
that they are in good condition. 

395 When multiple needles or capsules of the same appearance but of different activities are 
used, it is essential that they are identified with different coloured thread, beads, or other means 
when in clinical use. 

396 In intracavitary radiotherapy a thread should be passed through the source eyelet or 
attached to the applicator to provide an emergency method of removal from the patient. 

397 It is essential that the number and position of removable closed sources in or on the patient 
are regularly checked. Radiation monitors should be used to supplement visual checks and to 
provide rapid confirmation that no source remains in or on the patient or in the treatment area or 
ward at the conclusion of treatment. It is essential that dressings and excreta from patients receiv- 
ing treatment with closed sources are not disposed of unless monitoring has shown that they are 
not contaminated by radioactive material, or until all the radioactive sources have been accounted 
for. To reduce the possibility of sources being mislaid, they should be inspected (paras 408 (b) and 
638), cleaned (para 409) and returned to store without delay. 

398 A protected container should be placed near the bed of a patient being treated with remov- 
able closed sources. If a source becomes accidentally detached it should be transferred to the con- 
tainer using forceps; the incident should be reported to the clinician in charge and to the radiation 
protection supervisor, the time being noted. 

399 It should not be possible for sources which might be mislaid or lost from a patient to reach 
the refuse incinerator or laundry. AH containers such as rubbish bins, soiled dressings bins, laundry 
baskets, coming from a ward or other area where closed sources are employed, should be tested for 
radioactivity with a suitable instrument before the contents are disposed of. A double check can 
be provided by permanently installing a source alarm in an appropriate doorway or corridor 
through which outgoing bins, baskets, and food trolleys have to pass. 

400 It is essential that a permanent record is kept of the issue, distribution and return of all 
sources (see also para 644) and also adequate records of the administration of permanent implants. 

401 While not in use, sources must be kept in a suitable store (Reg 26). 

402 No new source should be used untU a leakage test has been carried out unless a valid leakage 
test certificate issued by the manufacturer has been obtained (AC 1/204). A further test should be 
made at least every 26 months unless the activity has fallen below the notifiable level*; where 
sources are subject to mechanical wear or there would be a special hazard from any leakage, the 
radiation protection adviser should be consulted on the need for more frequent tests (ACl/205). 
For both of these reasons it may be advisable to test brachytherapy sources, which may be con- 
tinually used and sterilised and from which, if leaking, pathways for intake by the patient are 
comparatively short, at least once a year. A test should be made whenever damage to a source is 
suspected (AC 1/206). 



♦See definition of ‘minimum notifiable quantity’ in Appendix 7. 
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403 If the activity measured on the swab (or in the liquid used for an immersion test") is less 
than 200 Bq (5 nCi) the source may be considered leak free. If the measured activity is greater 
than this the source should be considered as leaking unless the activity can be identified as surface 
contamination arising from a different source, in which case the source should be decontaminated 
and retested. A radium-226 source should be considered to be leaking if the leakage rate is found 
to exceed 200 Bq (5 nCi) of radon in 12 h. In canying out leakage tests of beta sources care is 
essential to avoid damaging the window through which the beta radiation is emitted. (See para 
639 regarding methods of leakage testing and test records.) 

404 The requirements referred to in para 403 apply to aU brachytherapy sources having at least 
one dimension exceeding 5 mm and not only to those that are sealed sources. In the case of smaller 
sources, the leakage test should be made on the next container which is above the minimum size, 
for example a magazine holding a number of gold-1 98 grains. 

405 Whenever there are reasonable grounds for believing that radioactive substances are leaking, 
or are liable to leak, from a source, it is essential that that source is at once placed in an airtight 
container pending repair by an authorised person or disposal as radioactive waste. Leaking radium 
sources should be repaired only by Amersham International Ltd whose advice regarding the return 
of such sources should be sought. 

Sterilisation and disinfection of small closed sources 

406 It is essential that in sterilising or disinfecting small closed sources (e.g. radium needles, gold 
grains, etc.) adequate precautions are taken to avoid: 

(a) uimecessary radiation exposure of nursing and other staff ; 

(b) damage to the sources; 

(c) loss of sources. 

There are several possible methods of dealing with sources, each having particular merit for certain 
types of work. Not all these methods produce complete sterihsation and the radiotherapist or 
other clinician concerned should decide in each case whether such is required or whether disin- 
fection will suffice. Advice on the most effective method of achieving the desired degree of 
sterilisation or disinfection should be sought from the consultant microbiologist. Before sources 
are sterilised or disinfected they should be thoroughly cleaned (see para 409). 

407 So far as is practicable, autoclaves, hot air ovens, and other equipment used for sterilising 
or disinfecting sources should be shielded with lead or other heavy protective material. It is 
essential to take steps to prevent the loss of a source from the equipment. 

408 The following special precautions are essential when sterilising or disinfecting closed sources: 

(a) sterilisers to be fitted with a cut-out that will prevent the temperature of the source rising 
above 180°C; 

(b) all sources to be visually examined before they are sterilised or disinfected and any found to 
be damaged to be reported at once to the custodian and not sterilised or disinfected. (See 
also para 405 .) When sources are customarily left in an applicator for a number of cycles of 
use, the applicator should be similarly visually examined before sterilisation or disinfection; 

(c) when ethylene oxide is used to sterilise sources mounted in plastic or rubber, sufficient time 
to elapse after sterilisation for it to diffuse out; 

(d) some disinfecting solutions may attack the enamel identification marks on some radium 
appliances; any such damage to be reported at once to the custodian. 

409 Closed sources should be cleaned before being returned to the store, particular care being 
taken with thin-walled sources. The following (or similar) methods are suitable: 

(a) soaking for about an hour in a suitable disinfectant or (if dried blood is present) in a solution 
of hydrogen peroxide or (if mould material is adherent) in xylene; 

(b) through rinsing in warm or boiling water; 

(c) ultrasonic cleaning in cleansing fluids using a low power generator. 

If the containers are of steel, which might mst, they should be rinsed in surgical spirit or alcohol 
prior to drying. It is essential that abrasive substances (e.g. metal cleaners and polishes) are not 
used and that sources are not allowed to come into contact with mercury or mercury salts, iodine 
and solutions of hypochlorites, or conosive substances. Difficulties in cleaning can be avoided if 
blood and tissue are not allowed to dry on appliances; this can be effected by transferring the con- 
tainer, immediately after removal from the patient, to a solution such as normal saline. 
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Loss or breakage of a closed source 

410 It is essential that an emergency procedure, to be adopted in the case of loss or breakage of 1 

a radioactive source, is specified (see para 86) and that notices indicating the action to be taken are { 
displayed in each room where such sources are handled or employed. All staff should be fully | 
aware of their duties in such an event (see paras 688 to 725). In particular, there should be no 
emptying of sluices or toilets, no movement or disposal of soiled dressings, laundry or dustbins, 

and minimal movement of staff or patients; no further material should be placed in the hospital 
incinerator. J 

411 On account of the high radiotoxicity and long half- life of radium-226, special care is necess- I 

ary in the event of the fracture of a radium container which might lead to the dispersal of radium | 
compound and to intake of radium into the body; this has to be considered as a possibility, par- 
ticularly during some sterihsing procedures. Apart from regular inspection of closed sources, 
monitoring for contamination should include areas where radium needles are manipulated so that | 

the presence of radium contamination will be detected as soon as possible and before the con- s 

tamination has spread widely. Precautions to prevent the spread of contamination should be 
rigorously applied. The clean-up of any substantial radium contamination will call for special care 
and, possibly, outside expert assistance. In any case protective clothing and respirators should be 
used. Similar stringent precautions are necessary in the event of contamination arising with other 
long- lived nuclides of high or medium toxicity. 

Beta sources 

412 It is essential to provide suitable shields or baffles where required to ensure adequate pro- 
tection when manipulating beta radiation sources. In order to prevent the head from being placed 
too near the source, and to protect the eyes and face from beta radiation, a transparent plate of 
adequate thickness should be mounted or worn between the source and the face of the operator. 
Particular care should be taken when using beta sources of around 3 GBq (80 mCi) activity, such 
as for the treatment of pterygia. The beta dose rates from such sources are very high and a plastic 
shield should be in position on the handling rod to protect the operator from scattered radiation. 

413 It should be recognised that pure beta sources will emit bremsstrahlung and may emit 
characteristic X- and aimihilation radiation, or both. In the case of large sources these radiations 
may present a hazard which should be evaluated and the necessary precautions taken; for example, 
sources should be kept well away from material of high atomic number. Some beta sources also 
emit gamma radiation and appropriate protection should be provided (see paras 415 and 416). 

414 Sources intended for the utilisation of beta radiation outside the container require a thin 
window. When they are not in use it is essential that this window is covered by a shield of suf- 
ficient thickness to stop all beta radiation. When cleaning the sources the precautions referred to 
in para 412 should be observed and care should be taken to avoid damaging the window. 

Gamma sources 

415 It is essential that benches used for the preparation, assembly and cleaning of gamma radi- 
ation source capsules and appliances are provided with adequate protection for the operator and 
for other persons either associated with the work or in adjacent areas. (For data on shielding from 
gamma radiation see BS 4094; Part l^”^^^.) 

416 In operating theatres and other treatment rooms where gamma sources are applied to 
patients it is essential to provide all practicable radiation shielding. Protective barriers may be 
mounted on wheels and provided, where necessary, with sterile drapes. The barriers should be so 
designed as to give protection in aU directions where persons are usually stationed during radio- 
therapeutic procedures. It is essential that gamma sources remain behind protective barriers as 
long as possible and are removed individually as required for appUcation to the patient. In aU cases 
expeditious handling and the use of suitable instruments (see para 390) will reduce the hazard. 
Manual, or preferably remotely controlled*, after- loading techmques should be employed where 
practicable to reduce the dose received by staff. Remotely controlled* after-loading equipment 
installed in a treatment room should always be used if the absorbed dose rate in air in the useful 
beam exceeds lOmGy h~^ (1 radh“^) at 1 m from the sources to be used (AC2/21 and 24). 



*See paras 288 to 378. 
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Neutron sources 

417 Where radioactive neutron sources, such as californium-252, are used for brachytherapy, it 
is essential to provide shielding against both neutron and gamma radiation. (For data on source 
output and shielding, see ICRP publication 21 

418 Personal and area dosemeters should be suitable for fast and thermal neutrons as well as for 
gamma radiation. 

Protection of persons in proximity to patients undergoing brachytherapy 

419 It is likely that areas in which patients are treated may need to be designated as controlled 
or supervised areas except where only low activity beta sources are used. Consideration should be 
given to this in advance to avoid delay when a patient is admitted for treatment. 

420 The radiation protection adviser should be informed about the maximum probable number 
of patients, the type and activity of the sources expected to be used, and the duration of treat- 
ment. He should also be informed, forthwith, if later it appears likely that the workload will be 
higher than that assumed for planning. 

421 Where practicable, treatment should be carried out in wards having only one or two beds, 
care being taken to ensure that adjoining rooms are adequately protected. Where a general ward is 
used, either the whole ward or some part only of it may be a controlled or supervised area (see 
para 58). 

422 The beds of patients under treatment in a general ward should be positioned: 

(a) in accordance with the arrangements for area designation and the terms of any scheme of 
work; 

(b) taking into consideration the consequential radiation doses, both individual and collective, to 
other patients, particularly those not under treatment; 

(c) so that the distance between bed centres is at least 2.5 m. 

423 Where practicable, mobile protective barriers should be used around the beds of patients 
being treated with gamma or neutron sources. 

424 It is essential that beds in which there are patients undergoing treatment with radioactive 
sources carry a notice which includes a radiation warning sign (see Appendix 3). The notice should 
give details of the number and nature of sources, their total activity, the time and date of appli- 
cation and intended removal, and relevant nursing instructions. 

425 It is essential to determine the maximum dose rate at a distance of one metre from each 
patient undergoing treatment. If this dose rate exceeds 50 fiSvh~^ (5 mremh“^) the local rules 
should specify the daily time allowable for nursing procedures and for visitors and, in the case of 
the latter, the closest distance of approach. When a time restriction is imposed it should be 
explained to other patients in the ward that they are protected by the bed separation. 

426 It is essential that patients with sources in or upon their bodies do not leave the ward or 
treatment room without the approval of the appropriate medical officer and radiation protection 
supervisor. (Guidance when patients leave a hospital after administration of radioactive substances 
is given in paras 575 to 592.) 

427 It is essential that nursing staff and other persons do not remain unnecessarily in the vicinity 
of patients undergoing treatment with gamma or neutron sources. Where possible, nursing pro- 
cedures should be postponed until after the sources have been removed. 

428 It may be necessary to reallocate duties for staff who are known to be pregnant since they 
may be employed only under working conditions appropriate to non-classilied persons (see 
para 69). 
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Diagnostic and 
therapeutic uses 
of unsealed radio- 
active substances 



Scope 

429 This section applies to: 

(a) The use of unsealed (dispersible) radioactive substances which are administered to human 
subjects for diagnosis, treatment or research. 

(b) The use of imsealed radioactive substances for in vitro fests made for the purpose of clinical 
diagnosis and for biological and biochemical studies. 

(c) The use of radioactive substances for testing and calibrating equipment used under (a) and (b). 

430 Advice is not given on the choice of radionuclide and its activity; reference should be made 
to the guidance given by ARSAC if radioactive substances are to be administered. 



431 a-emitting radionuclides, which are rarely used in their unsealed form for medical purposes, ; 
are not considered in this section. Additional precautions and special procedures are needed when 
handling such materials and the advice of the radiation protection adviser should be sought when 
planning this work. 



432 Reference should be made to the guidance notes applying to those engaged in research and 
teaching when unsealed radioactive substances are administered to animals for the purpose of 
research. 



Hazards from unsealed radioactive substances and principles for their control 

433 A radiation hazard may arise from unsealed radioactive substances either through external 
irradiation of the body, or through the entry of radioactive substances into the body. The main 
precautions required in dealing with external irradiation are similar for both sealed sources and un- 
sealed substances and depend essentially on the physical characteristics of the radiation emitted 
and on the physical half-life of the radionuclide. In addition, unsealed radioactive substances may 
produce a further external radiation hazard as a result of contamination. 

434 When unsealed radioactive substances enter the body, the radiation dose will depend also on 
factors such as the physical and chemical form of the material, the mode of entry and the way in 
which it is metabolised. A radionuclide may be dispersed in the body, concentrated in a particular 
organ, or eliminated more or less quickly. However, unwanted radioactive material within the body ! 
represents a greater hazard than the same activity as an external source. 

435 The ICRP has published values of ‘annual limits on intake’ (ALI) for workers^^^^ (see para 

1 1 and Appendix 1). Ingestion and inhalation are considered separately and, for some radionuclides, 
more than one value of ALI for each is given corresponding to different chemical forms of the 
material. These limits on intake should, however, be considered as upper limits only in view of the 
requirement that all doses— and consequently intakes of radioactive material— are as low as reason- 
ably practicable (see para 3). ATI’s do not apply to the administration of radioactive substances to 
persons for diagnosis, treatment or research but the principle of ‘as low as reasonably achievable’ 
should be followed. In fact, it is possible to carry out most diagnostic tests and research trials with 
an administered activity which is much less than that corresponding to one ALI for the particular 
radiopharmaceutical and route of administration used (see paras 142 and 169). Larger activities 
are necessarily used therapeutically. 

436 The International Atomic Energy Agency (IAEA) has derived a classification of radio- 
nuclides according to relative radiotoxicity^'^®^ to which further radionuclides used in this country 
have been added by the NRPB. The classification of those radionuclides which are commonly used 
for medical purposes in the United Kingdom in unsealed form is given in Table 7. This classification 
indicates the comparative hazard involved in work with various radionuclides; however, it should be 
noted that the classification may require modification for radionuclides incorporated in complex 
chemical compounds. The precautions to be taken regarding internal hazard will therefore depend 
on the radiotoxicity class, the physical and chemical form and the nature of the procedure as well 
as the total activity. When there is a choice, material of the minimum radiotoxicity should be used. 

437 It is important that unsealed radioactive substances, even in very small amounts, should be 
manipulated only in working areas recognised and equipped for this work. 

438 The design of all rooms in which unsealed radioactive substances are used, the design of all 
equipment required in their use, and the procedure involved in work with such substances should 
be aimed at: 

(a) minimising the irradiation of persons in the course of their work or training; 

(b) limiting the irradiation of patients to that consistent with medical requirements; 
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Table 7 Classification of radionuclides commonly used for medical purposes in the United 
Kingdom in unsealed form 



High toxicity 


Medium toxicity 




Low toxicity 




Upper 


Lower 






Sub-group A 


Sub-group B 




(class 1) 


(class 2) 


(class 3) 


(class 4) 



None Sodium-22 


Carbon-14 


Krypton-8 Imt 


Hydrogen-3 


Chlorine-36 


Fluorine-18 


Rubidium-8 It 


Carbon-1 it 


Calcium45 


Sodium-24 


Rubidium-8 3t 


Nitrogen-1 3t 


Germanium-68tP 


Phosphorus-32 


Rubidium-86 


Oxygen-1 5t 


Iodine-1 25t 


Sulphur-35 


Strontium-85 


GalUum-68t 


Iodine-131 


Chlorine-38 


Yttrium-87tP 


Bromine-77t 




Potassium-42 


Yttrium-90 


Krypton-85 




Potassium-43t 


Molybdenum-99P 


Strontium-87mt 




Calcium-47 


Indium-lilt 


Technetium-9 9m 




Scandium47 


Tin-1 13P 


Indium-1 13m 




Chromium-5 1 


Tellurium-1 3 2P 


Xenon-133 




Iron-52t 


Iodine-123t 






Iron-55 


Iodine-132 






Iron-59 


Xenon-123t 






Cobalt-57 


Xenon-127t 






Cobalt-58 


Caesium-1 29 1 






Copper-64 


Caesium-131 






Zinc-65 


Platinum-1 95 mt 






Gallium-67t 


Gold-198 






Aisenic-74 


Mercury-197 






Aisenic-76 


Mercury-203 






Selenium-75 


Thallium-201 






Bromine-82 


Bismuth-206 





t Classification by NRPB 
P Parent in radionuclide generator 

(49) 

This classification dervices from the technical reports series No.15 - A Basic Toxicity Classification of Radionuclides 

(39) 

[Some changes may be made in the future to take account of differences between values of ALI given in ICRP publication 30 and those corresponding to 

the maximum permissible concentrations in air given in the now-withdrawn ICRP publication 2] 



(c) minimising the irradiation of members of the public (such as visitors and patients who are not 
being examined or treated) including that which arises from patients undergoing treatment 
with radioactive substances; 

(d) controlling the spread of radioactive substances into the working environment. 

439 Work with unsealed radioactive substances should be governed by clearly understood rules 
of procedure, so that efficient practices can be organised and the control of hazards becomes an 
established routine. Adequate records are essential. 

Statutory requirements 

440 These principles have been given a legal basis in the Ionising Radiations Regulations 198- *. 
The regulations which are particularly relevant to work with unsealed radioactive substances are 
Nos 12 (area designation), 20 (control of sources of ionising radiation), 21 (requirements for 
premises, equipment and fittings to minimise contamination), 22 (monitoring of contamination), 
23 (protective clothing and respirators), and 28 (prevention of leakage). The requirements of these 
regulations are expanded in Part 1 of the approved code of practice; the paragraphs of the code 
which are particularly relevant to this chapter of the guidance notes are identified. In addition. 
Section 4 of Part 2 of the code applies to the care of human subjects to whom radioactive sub- 
stances have been administered. 

441 Only an authorised doctor or dentist, or a person acting under his direction, is permitted to 
administer radioactive substances to a human subject (see para 47). Radiopharmaceuticals must be 
prepared and handled in such a way as not to prejudice the safety, quality and efficacy require- 
ments of the Medicines Act, 1968.^^^ 



*In Northern Ireland, the Ionising Radiations Regulations (Northern Ireland) 198-. 
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Design of laboratories and radioisotope departments 

442 The requirements for medical establishments using unsealed radioactive substances vary with 
the type of clinical tests being undertaken and the extent to which therapy is carried out. The 
radiation protection adviser should be consulted about the design of laboratories and other working 
areas (ACl/82) and detailed plans should be drawn up in collaboration with the consultant in 
nuclear medicine or the chnician responsible for the service. Changes that may become necessary 
from time to time should also be discussed with the radiation protection adviser. Precautions 
regarding fire or other emergencies need to be considered at the design stage (see paras 86 to 89). 

443 Where unsealed radioactive substances are administered to patients either in therapy or 
diagnosis, laboratories and areas may need to be provided for the following types of work: 

(a) radiopharmacy and local storage; 

(b) excreta and specimen storage, and radioactive waste disposal, with measuring equipment and 
sluice; 

(c) radionuclide administration to patients; 

(d) clinical measurements; 

(e) sample measurements; 

(f) decontamination. 

Patient waiting and changing areas and toilets may also be required. Where radioactive substances 
are used for in vitro diagnostic tests, a laboratory for labelling and sample preparation, rather than 
a radiopharmacy, will be needed unless all radionuclides are predispensed in kit form; some of the 
other areas will not be required. 

444 The space allocated and the extent to which the areas are separated will depend upon the 
scope of the service provided. Areas where high activities of gamma emitters are handled should 
preferably not adjoin areas where low activity measurements are performed m order to avoid 
increasing the background in the latter areas. For the same reason they should not be close to film 
stores. Therapeutic administration should, wherever reasonably practicable, be close to the radio- 
pharmacy. 

445 Working areas may be graded for design purposes into three types according to the maxi- 
mum activities to be handled at any time and the radiotoxicity of the nuclides concerned (Table 8). 
This grading is also useful in deciding whether an existing laboratory or area is suitable for carrying 
out new procedures, either involving different nuclides or higher levels of activity than are currently 
in use. 

The activities shown in Table 8 should be multiplied by the operational factors shown in Table 9. 
In some cases a range is given because the factor will depend on local circumstances and variation 
in complexity of one and the same type of procedure. The advice of the radiation protection 
adviser should be sought on the operational factors to be used so that the activity limit or range for 
each area or operation can be established. For example it might be agreed that up to 500 MBq 
(14mCi) of iodine-13 1 could be stored in a grade 3 area. If more than one radionuclide is to be 
stored it is necessary to determine the weighted sum of the individual activities. 

446 Most radioimmunoassy work using kits which include test vials of labelled solution can be 
done in grade 3 laboratories. For in vitro tests employing solutions of higher activity or requiring 
iodination, and for in vivo diagnostic tests using radiopharmaceuticals, some areas will need to be 
of grade 2 standard. Grade 1 may be necessary for some radiotherapy areas. 



Table 8 Grading of working areas 



Radionuclide 


Grade 3 


Grade 2 


Grade 1 


Iodine-125 or 131 


<5MBq(140MCi) 


5— 500 MBq 
(140MCi-14mCi) 


> 500 MBq (14 mCi) 


*Technetium-99m 


< 1 GBq (27 mCi) 


1-100 GBq 
(27mCi-2.7Ci) 


> 100 GBq (2.7 Ci) 


Tritium 


< 5 GBq (140 mCi) 


5-500 GBq 
(140ma-14 Ci) 


>500 GBq (14 Ci) 


AU others in Table 7 


<50 MBq (1.4 mCi) 


50 MBq-5 GBq 
(1.4-140 mCi) 


> 5 GBq (140 mCi) 



• The values of activity given for techneiium-99m apply only in areas where no parent moIybdenum-99 is present. 
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Table 9 Operational factors 



Type of area or operation 



Factor 



Storage* 

Radiopharmacy 
Radioisotope laboratory 
Dose preparation 
Dose administration 
Diagnosis (imaging, counting) 
Wards, diagnosis 
Wards, therapy 
Waiting room 

Storage of active waste and for 
radioactive decay 



100 

1 - 0.1 

1 - 0.1 

1 

1 - 0.1 

100-10 

100 

10 

100 

100-1 



* includes the parent activity in a radionuclide generator 
(the daughter need not be considered) but not the eluate. 



447 Before a laboratory or other area where unsealed radioactive substances are to be used or 
stored is brought into use, it will be necessary to consider if it needs to be designated as a controlled 
or supervised area on the grounds of external radiation or the hazards of intake of radioactive 
material by workers (see para 57). It is unlikely that a grade 3 area wiU need to be so designated. A 
grade 1 area will probably be a controlled area but no general prediction can be given for a grade 2 
area; it will depend upon the recommendations of the radiation protection adviser. 

448 All areas which are liable to become contaminated, and aU fittings and equipment in them, 
must, so far as is reasonably practicable, be designed and constructed so as to niiniiriise this con- 
tamination and permit decontamination (Reg 21(1)). This applies particularly to controlled and 
supervised (intake hazard) areas (AC 1/145) and refers to both surface and airborne contamination. 
Since the eventual designation of the area may not be known when it is designed, it is recommended 
that the particular requirements for controlled and supervised areas described in the following 
sections should be incorporated in the design of aU grade 1 and grade 2 areas. 

449 The floor, walls, ceiling, benches, tables and seats in controlled or supervised (intake hazard) 
areas should have smooth impervious surfaces which can be easily cleaned (ACl/146). The ma- 
terials used should be chosen with regard to their resistance to corrosion by chemicals, heat and 
fire. Floor coverings should be ‘non-sUp’ and should (after welding if necessary) be in one continu- 
ous sheet. Normal hospital standards of cleanliness wiU be sufficient for grade 3 areas; the standard 
of finish in a modem conventional chemical laboratory is adequate for a grade 3 laboratory. 

450 The design of the laboratory or area should ehminate, as far as possible, ledges and inaccess- 
ible places liable to collect dust. Only essential fittings and equipment, which can easily be cleaned 
and decontaminated, should be installed in controlled and supervised (intake hazard) areas (ACl/ 

146 and 147). 

451 It is essential that the floor and benches, including worktops inside enclosures, are strong 
enough to support the weight of any necessary shielding materials or of radionuclide generators. 

A wall of lead bricks 50 mm thick weighs 570 kgm"^. 

452 Levels of airborne contamination should be kept as low as reasonably practicable by the use 
of total or partial ventilated enclosures (see paras 454(b) and 455(f)) or by local or general venti- 
lation of the area (AC 1/1 34). Good ventilation with local exhaust* should be provided in grade 2 
areas; forced ventilation may be needed in grade 1 areas. The system should be designed so that air 
does not pass into surrounding working areas. Normal general ventilation is sufficient for grade 3 
areas. 

453 One or more wash-hand basins, fitted with foot, knee or elbow operated tapsf and with hot 
and cold water supply, should be provided. There should be one such basin for every five persons 
close to the exit of every controlled or supervised (intake hazard) area next to the changing facilities 
referred to in para 454 (ACl/ 150 and 151). 

454 A radioisotope laboratory should have the following additional special features: 

(a) adequate storage space so that essential equipment used in the laboratory is kept there, thus 
minimising the risk of spreading contamination to other areas; 

(b) for grade 1 or grade 2 laboratories, one or more fume cupboards or glove boxes, whichever is 
appropriate, designed for ease of decontamination (see para 461 and 466); 

*Or continuous movement of air into a fume cupboard, 
t Remotely operated taps are required in controlled areas only. 
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(c) an entry lobby, or an area near the entrance, where protective clothing (see para 468) can be J 
put on, taken off and kept when not in use. The approved code requires changing facilities for 
all controlled and supervised (intake hazard) areas to prevent contamination from being trans« 
ferred outside the area. There should be* a bench or other demarcating barrier at the exit, 
places for clean clothing to be left outside the barrier and for protective clothing and equip- 
ment on the ‘active’ side, and containers on the ‘active’ side for discarded contaminated cloth- 
ing (AC 1/148 and 149). 

(d) a secure and adequately protected local store for radioactive substances (see para 611); 

(e) adequately protected temporary storage for solid radioactive waste (AC 1/1 52 in the case of 
controlled and supervised (intake hazard) areas). Disposable plastic sacks of distinctive colours ‘ 
are convenient for this purpose; they should be suitably marked. 

(f) a limited number of places, designated and clearly marked for the disposal of radioactive 
liquid waste. Where direct disposal of low activity waste to drains is authorised the drain should ; 
be connected as directly as possible to the main sewer and, in the case of grade 1 areas, capable 
of taking a high water flow. Any traps should be accessible for monitoring. 

(g) depending on the type and activity of radionuclide to be handled, shielding in order to protect 
the worker from unnecessary exposure to external radiation (ACl/132). Persons in adjacent 
rooms or corridors wiU need to be protected from gamma-radiation which may penetrate the 
floor, walls or ceiling. 

(h) a wash-up area for contaminated articles such as glassware. The drain and traps should comply 
with (f) above;. This area may be combined with (f) or with the hand-washing facilities in i 
grade 3 laboratories. Subject to the approval of the radiation protection adviser, it may be ; 
combined with (f) in grade 2 laboratories but not with hand washing. 

455 Radiopharmaceuticals will usually have to be prepared and/or handled under aseptic con- 
ditions. The radiopharmacy has therefore to be designed so as to satisfy both radiation safety and 
pharmaceutical safety requirements. The latter are stated in ‘the guide to good pharmaceutical 
manufacturing practice’.^®^^ Guidance is also given in the International Atomic Energy Authority’s 
technical reports series No.l94,*^°^ HPA report no. SRS 16^''^ and in BIR special report no.l 1^®^1 
The radiation safety requirements of the preceding sections wiU continue to apply with the foUow- 
ing modifications; 

(a) irrespective of the activity to be handled, surfaces should meet the standard for grade 1 
laboratories; 

(b) no storage space should be provided in the room except for a sterile radionucUde generator; 

(c) there should be a hatch between the room and an outer ‘clean area’ through which materials 

(including radioactive materials and radioactive waste) can be passed in and out; ^ 

(d) entry should be from the ‘clean area’ through a further changing room. The wash hand basin 

should be sited in this room and should be accessible from the radiopharmacy without having i 
to puU open any door; | 

I 

(e) sinks should preferably be sited in the ‘clean area’ and not in the radiopharmacy; 

(f) a vertical laminar flow cabinet or an enclosed cabinet should be provided instead of a fume 
cupboard and irrespective of the grade of the laboratory (see paras 462 and 466); 

(g) to maintain aseptic conditions within the radiopharmacy there has to be an over-pressure of at i 
least 0.15 miUibar (15 Pa) and preferably about 0.25 miUibar (25 Pa).t It is therefore essential 
that no radioactive dust or vapour should escape from the cabinet as it might pass to other 
rooms. The over-pressure should be maintained by arranging for the inlet air to form a ‘curtain’ 
in front of the cabinet. 

456 Although collection of excreta in hospitals is not required for disposing of radioactive waste, 
such collection is sometimes needed for clinical reasons and a store should be provided for the ^ 
temporary retention of specimens. If therapeutic administrations are being carried out, the store 
should be shielded. The store should have, or be situated close to, a sluice and a washup unit. If 
measurements of radioactivity in excreta are required, the measuring equipment should be provided 
adjacent to this store in order to minimise the risk of spreading contamination. 

457 In addition to the general requirements outlined in paras 448 to 453, the area for radio- 
nuclide administration should be large enough to provide ample space not only for the patient and 
staff, but also for any trolleys of equipment used in the administration of radioactive substances. 

*For controlled areas and, where necessary, also for supervised areas. 
fSee British Standard 5295 
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This also applies in circumstances where radioactive substances may be administered to patients in 
areas used for clinical measurements (e,g,, in dynamic investigations). Shielded storage may be 
needed for radioactive materials which are awaiting administration. 

458 Since no dispensing or preparation of samples will normally be carried out in areas set aside 
for sample measurements, the structural requirements of such areas are governed chiefly by the 
equipment to be used. However, since a high standard of radioactive cleanliness is required and 
there is some risk of spills, the floor, walls and benches should be finished with smooth, non- 
absorbent surfaces which can be easily cleaned. 

459 In order to be able to carry out my decontamination of people which may be necessary, an 
area should be designated for this purpose if there is a grade 1 or grade 2 area. It should be equipped 
to carry out procedures referred to in paras 526 to 528. This area will also be needed if it has been 
agreed to accept casualties contaminated with radioactive substances from outside the establish- 
ment. 

460 If an area is designated a controlled area warning signs will have to be posted (see para 60). 
However, it is recommended that aU working areas where unsealed radioactive substances are 
present should be marked with a sign indicating ionising radiation (see Appendix 3). 

Enclosures and extract systems 

461 It is essential that fume cupboards have an efficient mechanical exhaust draught system to 
prevent the spread of contamination into the working area. The air flow through a working aperture 
0.3 m high (or the maximum aperture if less than this) should therefore be at least 0.5 linear m s“^ 
over the whole aperture. Turbulent airflow should be avoided by aerodynamic design. The exhaust 
system may need to continue functioning when work is hot in progress unless it is ensured that, 
with the exhaust switched off and the window fuUy closed, significant quantities of radioactive 
material cannot excape from the enclosure. A laboratory provided with a fume cupboard is normally 
ventilated by continuous movement of air into the cupboard; care should be taken that ventilation 

is adequate if the exhaust is switched off (see para 452). Details of the design of fume cupboards 
are given in British Standard 3202^^\ Fume cupboards should not be sited next to a door or win- 
dow because of cross draughts unless it can be shown that containment is adequate. 

462 Where a vertical laminar flow cabinet is provided instead of a fume cupboard in a grade 1 or 
grade 2 laboratory, a non-recycHng type should be selected. A balanced exhaust system is needed 
so that, when the front screen is closed to the working position, and despite the presence of any 
object partially obstructing the air exit at the base of the enclosure, no air passes into the working 
area. If the base of the enclosure is perforated an accessible trap should be provided below it to 
contain any spilt liquids. A laminar flow cabinet with recycled air which is bled to the working 
area may be used in a grade 3 laboratory. Basic requirements for laminar flow cabinets are 
specified in British Standard 5726^”^^^ where they are described as class II microbiological safety 
cabinets (see also para 45 1 regarding mechanical strength). 

463 Extracts from enclosures and from ventilation systems should be ‘filtered where necessary 
and vented to an appropriate place in the open air’ (AC 1/1 3 5). The exhaust from laminar flow 
cabinets and fume cupboards should be separated from the normal ventilation system and should 
be discharged through ducting not in close proximity to windows and air intakes and at an 
adequate height. Ideally the height should be 1^ times the height of the building but a discharge 
point 2 or 3 m above the roof is usually sufficient. Provided that each outlet point is weE selected, 
filters wEl not be necessary for the amounts of radioactivity normally handled in hospitals and 
other medical establishments. The extractor fan should be positioned close to the outlet in order 
to maintain a negative pressure throughout the duct and the motor should be outside the duct. 

464 Smoke tests are a useful aid in investigating an instaEation to verify that the exhaust system 
wEl be adequate in adverse circumstances (e.g. when windows and doors are open and the wind 
conditions are unfavourable) and that it wiE prevent radioactive dust and vapours escaping from 
the enclosure directly into the working area or into the air of neighbouring rooms through the 
external vent. 

465 Consideration should be given to the possibility of having to decontaminate the exhaust 
ducting if long-Eved radioactive substances (e.g. with a radioactive half-life greater than 100 days) 
are used in the enclosure. The ducting should be made of non-absorbent, fire-resistant material 
and capable of being removed in sections. 

466 A glove box fitted with an exhaust fan and ducting to the outside of the buEding, and 
operated under slightly reduced pressure, can afford a useful alternative to a fume cupboard and 
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may avoid the need to classify the operator. It also has the advantage of requiring a very small air 
flow and thus does not disturb significantly the existing provision for heating the department. 
Moreover, it is often possible to convey the exhaust air more conveniently to the outside without 
disturbing the building structure. The equipment should be capable of continuous operation. 
Similarly, a laminar flow cabinet may be replaced by an enclosed exhaust cabinet with gloveports 
(class III microbiological safety cabinet to British Standard 5726^*^^^). 



Provision of equipment and protective clothing 

467 Laboratories and other working areas used for manipulation of unsealed radioactive sub- 
stances will need equipment kept specifically for this purpose. This equipment should include: 

(a) tongs, forceps, trays and appropriate apparatus for remote handling (required by ACl/138- 

see para 480); | 

(b) (i) containers for radioactive substances incorporating the necessary shielding as close to the I 
source as possible; 

(ii) double-walled containers (the outer wall being unbreakable) in which to keep liquid 
samples; 

(c) a drip tray (see para 471); 

(d) compression bulbs or other remote means of operating pipettes; alternatively, hypodermic 
syringes to replace pipettes; 

(e) syringe shields (see para 480); 

(f) squeezable polythene wash-bottles; 

(g) radiation and contamination monitoring equipment (the latter is required by ACl/149(d) in 
controlled and supervised (intake hazard) areas for checking clothing, hands and body); 

(h) equipment for the assay of stock solutions and the radioactive substances prepared for ad- 
ministration to patients (see para 483). 

468 Appropriate protective clothing and certified respiratory protective equipment must be pro- 
vided unless the other control measures afford adequate protection (Reg 23). Respirators are not 
needed for normal medical work though they may be for dealing with some emergencies (see para 
697). Protective clothing will, however, be required in some working areas in order to protect the 
wearer against contamination of his body or clothing as weU as helping to prevent the transfer of 
contamination to other areas. Protective gowns should be provided for use in controlled (intake 
hazard) areas. For these areas there should also be adequate suppUes of suitable gloves and foot- 
wear (AC 1/1 72). Gloves should be of first quality, disposable, surgical or similar type; overshoes 
will be suitable as footwear. Clean laboratory coats and gloves will be sufficient in supervised 
areas (ACl/173); the gloves should preferably, but not necessarily, be disposable. However, in 
radiopharmacies of all grades special clothing will be needed to maintain sterile conditions.’ Gloves 
may sometimes be needed to protect the hands against external radiation (see para 516). 

469 Protective clothing should be thoroughly washed, cleaned or renewed as often as may be 
appropriate’ (ACl/174) (see paras 537 and 538). 



General procedures in laboratories and radioisotope departments 

470 It is essential that detailed local rules for handling unsealed radioactive substances are drawn 
supplemented by careful training and instruction of staff at all levels (see para 
77). The advice of the radiation protection adviser should be sought before new procedures are 
mtroduced or major changes are made in existing procedures; he should be given the opportunity 
to review the procedures from time to time (ACl/82). Extremity monitoring may be of particular 
use “ plaimmg and reviewing operational procedures (see para 111). New or changed procedures 
should be tried out by dummy runs, with or without radioactive substances. 



471 Working procedures should be designed to nunimise the spread of contamination from the 
workmg area, tte is necessary not only m the interests of the safety of persons but also to prevent 
interference with measurements of radioactivity. For these reasons, all dispensing of radioactive 
substances m grade 1 or grade 2 laboratories, including elution from a radioactive generator* 
should be done m a fume cupboard, laminar flow cabinet or glove box. especiaUy when particu- 

triv in oTd'^f’nT^— are involved. AU manipulations should be carried out over a drip 

nofbe tree rf' Spread of Contamination due to breakages or spills. This tray should 

not be so large that it mterferes with the air pattern in a laminar flow cabinet 



♦Providing that the airflow in the cabinet is not unacceptably disturbed. 
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472 To prevent the direct transfer of radioactive substances into the body, the controlling 
authority should ensure that no eating, drinking, smoking or the application of cosmetics, by 
staff or visitors, takes place in the area (ACl/182(a)*). No food or drink should be brought into 
the area, e.g, for storage in a refrigerator, nor open packets of cigarettes. 

473 There should also be a ban on the use of handkerchiefs; an adequate supply of paper tissues 
should be provided to replace them (ACl/182(c) and 183*). For convenience there should be a 
wall-mounted dispenser. Used tissues should be considered as low-level radioactive waste and 
placed in a suitable receptacle (see para 454(e)) which should be emptied daily (ACl/183*) (see 
para 678). 

474 Any cut or break in the skin should be covered before a person enters the area (ACl/184*). 
Dressings should incorporate a waterproof, adhesive strapping. Anyone sustaining a cut or other 
break in the skin while in the area should go immediately to the radiation protection supervisor 
who will arrange for first aid to be given (AC 1/1 85) (see para 527). 

475 Anyone working in or visiting the area should wear the protective clothing provided 
(ACl/169*) (see para 468). On leaving a controlled area the protective clothing should be removed 
and, if contaminatedt (or disposable), placed in the container provided (see para 454); except in 
emergencies, protective clothing may not be worn outside the area (ACl/178). Contaminated 
clothing should be taken off and placed in the container on leaving a supervised area (AC 1/1 73 and 
1 80). The method of removing gloves should be based on the surgical technique so as to avoid 
transferring activity to the hands or to the inner surfaces of re-usable gloves; this applies also when 
putting on re-usable gloves. Protective clothing, except disposal gloves, should be monitored before 
removal; if re-usable gloves are found to be contaminated they should be cleaned in the wash-up 
sink and remonitored before removal. Defects in protective clothing must be reported by the 
wearer (Reg 23). 

476 Everyone leaving the area should, after removing protective clothing, wash his hands and 
then monitor his hands, clothing and body (ACl/178 and 179*) (see para 521). Soap, non-abrasive 
nail brushes and towels or hot air drying equipment should be provided (ACl/151). Towels should 
preferably be disposable. 

477 When equipment is provided specifically for the safe handling of unsealed radioactive sub- 
stances, it is essential that it is used. Such equipment should not be moved from the working area. 
Pipettes, wash-bottles, etc., should never be operated by mouth (ACl/ 182(d)*). 

478 The working area should be kept free of articles not required for the work (ACl/ 147). This 
will make it much easier to control surface contamination. 

479 The walls, floor and ceiling and aU apparatus in the area should be cleaned often enough to 
ensure that any contamination is kept as low as reasonably practicable (ACl/136). If at any time it 
is found that contamination exceeds the levels shown in Table A1 of Appendix 5 immediate action is 
necessary (see para 529). Cleaning methods should be chosen so as to nriinimise the spreading of 
surface contamination and the creation of airborne contamination (ACl/136); it is therefore 
essential to avoid raising dust. It is essential that articles used for cleaning controlled or supervised 
(intake hazard) areas are restricted to these areas and not used elsewhere. They should be moni- 
tored periodically and, if necessary, disposed of as radioactive waste. Cleaning and contamination 
control may be simplified by using disposable items and (except where this conflicts with aseptic 
requirements) by covering benches and the interior of drip trays with absorbent material such as 
plastic-backed absorbent paper. Such contaminated disposable items should normally be treated 

as radioactive waste after use (see paras 665 to 687); they should be removed with forceps or 
while wearing gloves. 

480 It is essential also to take precautions against external radiation, especially when handling 
activities for therapeutic purposes or for diagnostic investigations with short-lived radionuclides. 
Beta radiation and bremsstrahlung should be considered as well as gamma radiation. No article 
containing a radioactive substance should be handled directly if the resulting dose rate to the 
skm (averaged between the depths of 5 and lOmgcm"^) could exceed 0.1 mSvh~^ (lOmremh”^); 
forceps, tongs, etc., should be used (ACl/138). Use should be made of local shielding, such as a wall 
of lead bricks, and extra shielding of a radionuclide generator will often be necessary. Syringes 
used for handling high activities of gamma or high energy beta emitters should be shielded; for 
lower activities rapid use without a shield may give adequate protection. 

*See para 520. 

tApproved code requirement for controlled and supervised (intake hazard) areas. 
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481 The total activity handled or stored in a particular v^orking area should not exceed the value 
for which the area has been designed, i.e. the appropriate value shown in Table 8 multiplied by the 
agreed operational factor (see para 445). These activity limits should be specified in the local mles. 
The radiation protection adviser should be consulted in particular cases where it is desired to use 
larger activities than those specified. However, it should also be remembered that since the hazard 
may depend on the chemical form of the radioactive substance, it may be necessary to restrict the 
activity to less than the general limit in some cases. 

482 Where short-Hved radiopharmaceuticals are prepared and administered at different establish- 
ments, the initial activity may be much higher than that required for administration, to allow for 
decay while in transit. Appropriate care is required. 

483 It is essential that the activity administered, whether for therapy, diagnosis or research, is 
controlled within close limits and that it is therefore checked before administration. Equipment 
used for this purpose should be calibrated at regular intervals with standard sources. These sources 
must, where reasonably practicable, be in the form of sealed sources (Reg 27). It is essential to 
keep detailed records of all administrations of radioactive substances both in the patient’s records 
and as part of stock control (see para 649). 

484 It is essential that radioactive solutions to be administered are clearly labelled, indicating the 
radionuclide, chemical form, and activity at a given date and time. The terms ‘miUicurie’ and 
‘microcurie’ (where still used) should be written out in full to avoid mistakes. 

485 Quality control on radiopharmaceuticals should include checks for radioactive impurities 
when these are liable to be present. This applies particularly to short-lived radionuclides with a 
longer- lived impurity. The eluate from a radionuchde generator should therefore be checked for 
‘break through’ of the parent nucHde before the first administration and, where the generator is 
still in use (e.g. for indium-1 13m), monthly thereafter. 

486 To reduce the radiation dose to the patient, the use of a thyroid blocking agent should be 
considered if radio-iodine in certain forms, or more than 5 mCi (1 85 MBq) of technetium-99m, is 
to be administered (see guidance notes issued by ARSAC). 

487 When radioactive gases or aerosols are administered it should be ensured that exhaled breath 
is conducted directly out of the building. 

488 Persons to whom unsealed radioactive substances are administered should, if necessary, 
receive instructions on the hazards involved and the precautions to be taken (see also paras 575 to 
592 regarding patients leaving hospital). 

489 Equipment, such as gamma cameras, used for diagnostic tests on patients should be regularly 
checked in order to maintain it in its optimum condition and thereby avoid loss of diagnostic in- 
formation or the need to administer excessive or repeat amounts of radioactive substances. 

490 The means of minimising the contamination of working areas must be maintained (Reg 21) 
and there are specific requirements to maintain ventilation systems and enclosures (AC 1/1 34), 
changing and storage areas for protective clothing (AC 1/1 49) and washing facilities (AC 1/1 50). 
Maintenance work on fume cupboards and glove boxes and on sinks and wastepipes should be 
carried out under the radiological supervision of the radiation protection supervisor. 

Design of wards 

49 1 Patients undergoing treatment with therapeutic activities of unsealed radioactive substances 
should not be placed in general wards in which there are patients whose treatment does not in- 
volve such therapy. Instead they should be placed in specially designed wards, which preferably 
should have only one or two beds; where there are two or more beds, these should be arranged so 
that there is not less than 2.5 m between centres. 

492 Patients undergoing treatment should either be provided with a toilet and bathroom in the 
same suite for their exclusive use or should share such facilities only with other patients under- 
going similar treatment, 

493 Floors, walls and ceilings should be covered with smooth, continuous and non-absorbent 
surfaces which can be easily cleaned (required by ACl/165 if the ward is a controlled or super- 
vised (intake hazard) area). Floor coverings (e.g. linoleum or PVC) should be easily removable if 
necessary; coverings should be used in sheet rather than tile form in order to reduce the number 
of joints. Surface finishes (e.g. wax polish) for floor coverings should be removable for decon- 
tamination purposes. Some proprietary epoxy resin coatings are easily decontaminated and pro- 
vide very satisfactory surface coverings when applied in sufficient thickness on to a firm base. 
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The walls should be finished with a good hard-gloss paint. (For suitable materials for use in radio- 
active areas, see British Standard 4247, Part 2 ^'^% 

494 When it is necessary to collect excreta for clinical reasons, the guidance in para 456 should 
be followed. Separate bins should be provided for the temporary storage of hnen and waste con- 
taminated with radioactive substances. The storage areas and bins should be near the ward and 
clearly marked, using the radiation warning sign (see Appendix 3). 

495 Washing facilities conforming with para 453 should be provided for staff nursing patients 
who are undergoing treatment with unsealed radioactive substances. 

496 A place should be provided for keeping protective clothing for staff (see para 454(c)). 

497 Patients who have undergone diagnostic tests with unsealed radioactive substances and who 
are not being sent home may normally be placed in general wards. 

General procedures in wards 

498 It is essential that a section of the local rules on procedures in wards is prepared in consul- 
tation with the radiation protection adviser, the radiation safety committee and the chief nursing 
officer. These rules should be issued to all nursing staff and ward cleaners and should include in- 
struction sheets prepared for each therapeutic or diagnostic technique involving radioactive sub- 
stances for which special safety precautions in the wards and clinics are deemed to be necessary 
on account of external radiation from the patient and/or the risk of significant contamination 
from urine, faeces, vomit, etc. Precautions will normally be required for therapy patients whereas 
for patients who have undergone diagnostic tests they will be necessary only after the adminis- 
tration of comparatively large activities (see Table 10). 

499 Many of the radionuclides used have a comparatively short physical or biological half-life. 
When this is so, and if a high activity has been administered, it is essential to impress upon the staff 
that nursing procedures which are not urgent should be postponed as long as practicable to take 
full advantage of the reduction of activity by decay and excretion; during the initial period there 
should be only the minimum handling of contaminated bed Unen, clothing, towels, china, etc. Any 
special precautions which have been instituted following the administration of technetium-99m 
may be terminated after 24 hours. For other radionuclides, the instruction sheets should state for 
how long the precautions should be maintained. 

500 Administration of radioactive substances should not be carried out in general wards. Large 
activities should be administered in a grade 2 (or possibly grade 1) area (see para 445) whereas 
smaller activities for diagnostic tests may be administered in a side ward so long as precautions are 
taken to prevent contamination (see also paras 480, 483 and 484). 

501 It is essential that beds in which there are patients undergoing treatment with unsealed 
radioactive substances have a notice which includes a radiation warning sign (see Appendix 3). The 
notice should give details of the nature and activity of the radioactive substances, the time and 
date of administration, and any relevant nursing instructions. The style and positioning of this 
notice should be such as to avoid giving unnecessary alarm to the patient. 

502 It is essential to determine the maximum dose rate at a distance of 1 m from each patient 
undergoing treatment. If this dose rate exceeds 50/iSvh"^ (5 mremh"^), the local rules should 
specify the daily time allowable for nursing procedures and for visitors and, in the case of the 
latter, the closest distance of approach. When a time restriction is imposed it should be explained 
to any other patient in the ward that he is protected by the bed separation. 

503 It may be necessary to reallocate duties for staff who are known to be pregnant since they 
may be employed only under working conditions appropriate to non-classified persons (see 
para 69). 

Table 10 Diagnostic tests-suggested activities above which 
some precautions may be necessary 



Radionuclide 


Activity 


Technetium-99m 


200MBq(5.4mCi) 


Iodine-125 or 131 


2MBq(54MCi) 


Potassium43 


20MBq (540 /xCi) 


Gallium-67 


50MBq (1.4 mCi) 


Indium-111 


20MBq (540juCi) 


Mercury-203 


5MBq(140MCi) 
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504 It is essential that patients undergoing treatment with radioactive substances do not leave 
the ward suite or treatment room without the approval of the appropriate medical officer and 
radiation protection supervisor. They should then be escorted by a person who has been in- 
structed in necessary precautions. (Guidance when patients leave a hospital after administration 
of radioactive substances is given in paras 575 to 592.) 

505 Following administration of unsealed radionuclides for therapeutic purposes, it is essential 
that protective gowns and gloves are worn when handling the patient, his excreta, any contami- 
nated clothing, bed linen, or other articles. The wearing of protective clothing by everyone except 
the patient, and changing and washing when leaving the ward, are obUgatory if the ward is a con- 
trolled or supervised (intake hazard) area (see paras 475 and 476). 

506 Whenever possible, patients undergoing treatment with radioactive substances should use the 

toilets provided (see para 492) for the disposal of radioactive urine and faeces. Where a bedpan or 
urine bottle is provided for a patient, it should be kept for that patient’s exclusive use, preferably 
in his toilet, and should not be used by another patient until it has been checked and found to be | 

uncontaminated. I 

I 

507 Crockery and cutlery may become contaminated by the patients undergoing therapy with | 
unsealed radioactive substances. The instruction sheets (see para 498) should specify washing up j 
procedures (e.g. by the patient in his or her room where possible) and any necessary segregation of I 
utensils for such patients. These precautions are unnecessary when disposable crockery and cutlery j 
are used. 

508 Particular care to avoid contamination should be taken following oral administration, when j 

there is a risk that the patient may vomit, and in the case of an incontinent patient. Contaminated i 
clothing and personal clothing should be promptly changed (see paras 536 to 538). It is essential ! 
that protective clothing is worn while dealing with such incidents and that the spread of contami- 
nation is limited (see paras 688 to 725 regarding more serious incidents). I 

509 Similar precautions should be taken following the administration, for a diagnostic test, of i 
an unsealed radioactive substance of activity exceeding the relevant value shown in Table 10 or in 
the instruction sheet (see particularly paras 505 and 508). The patient should use a toilet rather 
than a bedpan or urine bottle and should not fondle or breast feed a child. 

510 The ward should be cleaned sufficiently often to ensure that contamination is kept as low as 
reasonably practicable (ACl/60). 

51 1 It is essential that radiation and contamination monitoring equipment is readily available. 

512 , A sample of blood, urine, etc., taken from a person to whom an unsealed radioactive sub- 
stance has been administered may need to be treated as a new radioactive substance (see para 649). 

513 If a patient is returned or transferred to another hospital or to a nursing home immediately 
after a diagnostic test it may sometimes be necessary to take precautions at this other establish- 
ment, for example in the case of an incontinent patient. Precautions will be needed at a hospital 
to which a patient undergoing treatment with unsealed radioactive substances is transferred, unless 
the activity has fallen to that shown in column 4 of Table 1 1 or some lower agreed value. Suitable 
advice should be given if this other establishment does not have a radiation protection adviser. 

Precautions in operating theatres 

514 Before carrying out surgery, other than in an emergency, on a patient who is undergoing 
treatment with radioactive substances, information should be sought on the activity remaining in 
the body. Appropriate precautions with regard to direct radiation and possible contamination 
from body liquids should be determined in collaboration with the radiation protection supervisor. 

It may be necessary to treat the operating theatre temporarily as a controUed or supervised area 
(AC2/52). ^ 

515 Surgery frequently has to be performed without delay, but if it is not urgent it should be 
postponed until the radioactivity in the blood and other body fluids has faUen to a sufficiently 
low value. 

516 When high energy beta emitters are involved, two pairs of surgical gloves should be worn to 
protect the hands against beta radiation, unless it interferes with the conduct of the operation. If 
the gloves are cut or torn during the operation and the surgeon’s hands are injured the advice given 
in para 527 should be followed. After the operation has been completed the operating theatre 
surgical instruments and equipment, and protective clothing should be thoroughly checked for 
contamination and, if necessary, decontaminated (see paras 517 to 539). 
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Monitoring of laboratories and working areas 

517 General guidance on monitoring, including the choice, provision and testing of monitoring 
instruments, is given in paras 129 to 140. 

518 It is essential that wards, operating theatres, clinics and laboratories in which work with un- 
sealed radioactive substances is undertaken are monitored both for external radiation and for 
surface contamination, on a regular and systematic basis. For each controlled or supervised area 
there should be a monitoring schedule (see para 130); for other areas less frequent monitoring is 
acceptable but it is nevertheless essential that such areas are not overlooked. Adjacent rooms and 
corridors should also be monitored periodically. Changing areas need special attention. The pur- 
pose of such monitoring is to establish the adequacy, from the point of view of radiological pro- 
tection, of current working methods, to confirm that the designation of certain areas as controlled 
and supervised areas is correct, and to provide experience in the hght of which new techniques 
may be safely introduced. It can also prevent errors in technical measurements resulting from the 
contamination of low activity samples. Monitoring results, in particular the details specified in the 
monitoring schedule, should be properly recorded for future reference. 

519 Monitoring for external beta- and gamma-radiation should be instituted when work is under- 
taken with unsealed radioactive substances having an activity greater than about 50 MBq (1.4mCi) 
or when radionuclide generators are used (see also para 502). 

520 Derived limits for surface contamination are given in Appendix 5. Contamination above 
these levels is referred to in these guidance notes as ‘excessive’ and advice on the action to be taken 
is given in paras 524 to 539. Since contamination should be kept as low as reasonably practicable, 
monitoring should not merely aim to detect contamination which exceeds the derived limits. 

521 Contamination monitoring will be required for: 

(a) all working surfaces (including the interior of enclosures), tools, equipment and the floor of 
the laboratory or ward. Any items removed from the area should be monitored. Monitoring is 
necessary during maintenance of fume cupboards, ventilation systems and drains. Direct moni- 
toring should be the rule but, where this is not practicable, wipe testing should be used; unless 
other information is available, it should then be assumed that only 10 per cent of the total 
contamination has been transferred to the swab. 

(b) protective and personal clothing, including shoes, particularly when persons leave a controlled 
or supervised (intake hazard) area (see para 476). To encourage regular use, a monitoring in- 
strument should be placed near the exit (see para 467(g)). Clothing and bedding of patients 
who are being treated with unsealed radioactive substances should be monitored. 

(c) the hands after work and before eating, drinking, smoking, or the application of cosmetics. An 
instrument for monitoring the hands should be available where the hands are washed. This 
monitoring should extend to other skin areas, e.g. the face, if there is any reason to suspect 
that these areas may have become contaminated. Care will be necessary in the measurement 
of low levels of skin contamination since, with some instruments, the contamination can be 
satisfactorily measured only if the levels of background radiation are commensurately low. 

522 Contamination monitoring for tritium is particularly difficult because of the very low 
energy of the emitted beta-particles. Removable contamination may be determined by wiping an 
area of the surface with filter paper or other suitable material, transferring the swab immediately 
to a vial containing scintillator Hquid and measuring the activity on the swab by hquid scintillation 
counting. The radiotoxicity of tritium, however, is very low and good laboratory practice will 
usually reduce the need for monitoring to occasional measurements where activities of the order 
of 1 GBq (a few tens of millicuries) or less are routinely manipulated. 

523 Under normal working conditions with diagnostic or therapeutic activities of unsealed radio- 
active substances air monitoring is not necessary. In the event of an emergency involving a serious 
spill (see paras 688 to 725) those concerned with the cleaning up procedures should, if necessary, 
wear well-fitting respirators or breathing apparatus appropriate to the radioactivity being handled, 
so that even under these conditions air monitoring can be avoided. 



Decontamination procedures 

524 Persons working with unsealed radioactive substances, or nursing patients to whom unsealed 
radioactive substances have been administered, should wash their hands thoroughly with mild soap 
and water before leaving working areas and especially before eating, drinking, smoking, or the 
application of cosmetics. Particular attention should be paid to cleaning fingernails. 
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525 If washing the contaminated skin with soap and water fails to reduce the contamination 
below that shown in Table A1 of Appendix 5, an appropriate detergent should be tried. The hands 
should not be bmshed vigorously as this might injure the skin, nor should chemical treatment be 
attempted for the same reason. 

526 When ‘excessive’ contamination of parts of the body, other than the hands, is suspected, or 
when the procedures described above are ineffective, the radiation protection supervisor of the 
relevant department and the Head of the Department should be notified at once. Special care 
needs to be taken in the decontamination of areas near the eyes and in preventing spread of con- 
tamination to other parts of the body (e.g. showerbaths should be taken only after the major areas 
of contamination have been cleansed). 

527 If the skin is broken or a wound is sustained in conditions where -there is a risk of radioactive 
contamination, the injury should be irrigated immediately with tap water. As soon as the first aid 
measures have been taken, the person should report to the ‘appointed doctor’ for further treat- 
ment, including decontamination if necessary. In such cases it is essential that details of the 
incident are recorded in the medical records. Advice on medical treatment is given, for example, in 
‘Manual on early medical treatment of possible radiation injury’; IAEA safety series No. 

528 A notice listing the above procedures should be displayed in working areas for reference in 
case of accidents or spills. 

529 If buildings or fittings are found to be ‘excessively’ contaminated, prompt action should be 
taken to prevent dispersal of the activity, particularly its transfer to the clothing or body of any 
person. Contaminated equipment and areas of walls and floors should be isolated and small objects 
transferred to containers using tongs and gloves. Arrangements should then be made to reduce the 
contamination; normal cleaning may need to be supplemented by special methods. 

530 Pamtwork should be cleaned with detergent and water or, in cases of severe contamination 
by a long lived nuclide, removed with a paint remover. Polished linoleum and epoxyresin floor 
coverings should be cleaned with detergent and water. Polythene emulsion- coating on vinyl floor 
coverings should be removed with hot water. Water and other materials used for decontamination 
should be treated as radioactive waste (see paras 665 to 687). For short-lived radionuclides, if 
activity still remains, the surface should be suitably covered until the radioactivity has decayed 
to a level below the relevant limit of Table A1 in Appendix 5 , sisal craft paper is very suitable for this 
purpose. In the case of high levels of contamination with long-lived radionuclides it may be 
necessary to remove and replace the floor surface (see para 493). 

531 Glassware should preferably be cleaned with an alkaline detergent immediately after use. If 
the contamination has been allowed to dry, the glassware should be marked and segregated for 
special attention when cleaning. Glassware and porcelain can usually be cleaned by ammonium 
citrate, chelating agents such as EDTA, or proprietary solutions. The solutions used for cleaning 
should never be returned to the stock bottle. 

532 Dilute nitric acid can be used to clean plastic, since it will usually be effective without 
damaging the material. Care should be taken to avoid the use of ketonic solvents and certain 
chlorinated hydrocarbons. 

533 Contaminated metal tools, trays, sinks, and equipment may be cleaned by washing with a 
heavy-duty detergent of the type used for laundering, followed if necessary by inhibited phos- 
phoric acid, or by dilute sulphuric acid, or by mixtures of citrates with EDTA or ammonium oxa- 
late. For stainless steel, hydrochloric acid should be avoided as it is likely to corrode the equip- 
ment. When other procedures fail with stainless steel, a mixture of 6% nitric acid with 1% sodium 
fluoride may be used. In all cases, the cleaning agent should be used only for a minimum time, 
otherwise corrosion of the equipment is likely to occur thus causing greater difficulty in future de- 
contamination. Stubborn contamination may often be removed by the use of a slightly abrasive 
polish but only at the expense of some danage to the surface. 

534 Attempts at decontamination may not reduce the activity of equipment and glassware to 
levels acceptable for continued operation; in this case, if long-lived radionuclides are concerned, 
the items must then be regarded as radioactive waste (as defined in Section 18 of the Radioactive 
Substances Act 1960). For short-lived radionuclides, it may be feasible to store certain articles 
until the radioactivity decays sufficiently. However, in either event, care must be taken to ensure 
that the proposed action does not contravene the requirements of that Act for the accumulation 
or disposal of radioactive waste (see paras 665 to 687). 

535 Following severe contamination it may be necessary to change the designation of the area 
while it is being decontaminated, A temporary change in the designation of the area may also, with 
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the consent of the radiation protection adviser, allow normal work to continue in a contaminated 
area. This should be allowed only if attempts to decontaminate the area have been unsuccessful 
and it is not practicable to wait until the activity has decayed naturally. 

536 While awaiting laundering it is essential that protective and personal clothing of staff, and 
clothing and bedding of hospital patients, which is known to be, or is suspected of being, 
‘excessively’ contaminated is placed in a container provided for such articles (see para 475 regard- 
ing protective clothing). 

537 It is essential that contaminated clothing or bedding is not sent to public laundries unless 
the activities, averaged over an area not exceeding 300 cm^, are everywhere below the derived 
limits given in Table A1 of Appendix 5 . 

538 Articles contaminated with short-lived radionuclides above the limits given in Table A1 
(Appendix: 5) should be stored in impermeable bags until the level has fallen to an acceptable 
value. Care should be taken to prevent airborne contamination during the movement of such con- 
taminated clothing and bedding. When storage is not practicable but special laundering facilities 
are available in a hospital, contaminated garments or bedding with an activity above the derived 
limits should be given a series of hot rinses in commercial laundry detergent, alternating with 
rinses in clear water. If the contamination persists, the article should be washed in a hot solution 
of 1 .5% citric acid followed by a series of cold rinses. An automatic washing machine is very useful 
for this purpose. Clothing which cannot be laundered satisfactorily or be held for storage should 
be treated as radioactive waste. 

539 Clothing and bedding should be monitored before re-use to ensure that decontamination has 
been successful. 
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Diagnostic uses 
of closed radio- 
active sources 



Scope 

540 This section contains guidance on the use of a radioactive source or array of sources for 
diagnostic purposes such as bone mineral measurements. X-ray fluorescence scanning of the 
thyroid and neutron activation analysis. 

541 Section 3 of Part 2 of the approved code of practice applies to the use of equipment con- 
taining one or more radioactive sources which is mainly used for the examination of human 
subjects or human cadavers, but not if the source is a neutron source. It may be assumed that this 
section of the approved code applies also where the equipment is used mainly for examining 
pathological specimens, rather than Part 4 (gauging and detection devices). 

542 The guidance in this section also applies when the equipment is being tested or calibrated at 
its place of use and when sources are being changed. 



Sources and equipment 

543 Sources must, wherever reasonably practicable, be sealed sources (Reg 27). To ensure that 
the requirements of AC 1/202 regarding the immediate container or bonding are complied with, 
sealed sources should conform with British Standard 5288^'^''’^ and due regard should be taken of 
the supplier’s recommendations on working life and environment of use. 

544 It is essential that all sources used in diagnostic gauging and analytical equipment are, and 
remain, closed sources. Any necessary modification of the immediate container or bonding of a 
source should be carried out only by a person authorised in writing by the controlling authority 
and in accordance with specific instructions laid down after consultation with the radiation pro- 
tection adviser (AC 1/209). 

545 The equipment should be shielded so that radiation beams, which might otherwise lead to 
an overexposure (of staff), do not emerge into the working area and so that radiation doses are as 
low as reasonably practicable (AC2/42). It is necessary to consider not only the useful beam but 
also the residual beam (see para 549) and scattered radiation. 

546 For most diagnostic techniques it is essential that the radiation source or array of sources is 
mounted, either permanently or when the equipment is in use, in a housing which has an 
aperture(s) for the radiation beam(s). The aperture should be such that the radiation beam(s) will 
not irradiate a greater part of the patient’s body than is necessary. A high degree of collimation 
will be needed for scanning techniques. Leakage radiation from the housing should, if reasonably 
practicable, not exceed 7.5 juSvh~^ (0.75 mremh“^) at any point. 

547 For closing the aperture(s) in the source housing when the equipment is not in use, suitable 
devices such as shutters, covers or plates should be provided (AC2/43), The dose rate outside the 
equipment in the closed position should not exceed 7.5 qSvh"^ (0.75 mremh"^). Where reasonably 
practicable, the devices should be arranged to operate automatically (AC2/43). This could be 
achieved in various ways, for example, by means of a patient-presence sensor or by a device which 
has to be pressed by the operator throughout the diagnostic test and which is spring-biased so that 
the shutter closes when pressure is released. For a scanning device the opening and closing of the 
shutter could be linked with the scanning movement. 

548 The equipment should be clearly marked to indicate; 

(a) that it contains a radioactive source; and 

(b) ‘whether any shutter, cover or plate is open or shut’ (AC2/44) 

The marking should include a radiation warning sign (see Appendix 3). 

549 In the case of equipment where the radiation beam is transmitted througlr the patient, the 
detection system should fully intercept the emerging beam and be effective as a beam stop. It is 
preferable that the source housing and the detection system are mechanically linked so that this 
condition is met whenever the shutter is open. 

550 Occasionally a different relationship between source and patient may be needed. For 
example, it has been proposed that the patient should grip a californium-252 source within a 
moderator for neutron activation studies. Here the source should be in a shielded housing with 
an aperture large enough only for inserting the hand and there should be a cover for closing the 
housing when not in use. Specialised advice should be sought. 

551 If the equipment is to be used exclusively for examining pathological specimens, for 
example bones, it should be completely enclosed and provided with a loading door, 
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Operating procedures 

552 If the source, its bonding or immediate containment will be in contact with the body or 
needs to be placed in the mouth or other cavity, the Medicines (Administration of Radioactive 
Substances) Regulations 1978 will apply and prior authorisation will be required (see para 47). 
These regulations also apply to neutron activation analysis. 

553 The patient should be properly positioned before the shutter is opened or the cover removed 
and should not be exposed to the radiation beam for longer than is necessary to carry out the 
diagnostic test. 

554 ‘No person other than a person undergoing examination should be exposed to the useful 
beam’ (AC2/45). Particular care should be taken that the fingers are neither exposed to a radiation 
beam nor placed close to a fluorescence or backscattering device. This appUes not only during a 
diagnostic test but also during any calibration or experimental work when no patient is present. 

555 If the shutter or cover does not operate automatically it should be closed/replaced as quickly 
as possible after the test. 

556 Attention should be paid to source security while the equipment is not in use. This could be 
achieved, for instance, by locking and marking the room or by moving the radiation head into a 
store (see para 625). Only if there are special provisions for protecting the operator should the 
source(s) be removed. 

557 No source which could otherwise give rise to a dose rate to the skin (averaged between the 
depths of 5 and 10 mg cm”^) exceeding 0.1 mSvh”^ (10 mremh”^) should be manipulated with the 
bare hands (ACl/138). If it is necessary to replace a source, it should be gripped with forceps or 
preferably with a shielded handling tool and transferred to a shielded source container. 

558 No new source should be used until a leakage test has been carried out unless a valid leakage 
test certificate issued by the manufacturer has been obtained (ACl/204). A further test should be 
made at least every 26 months. (See para 639 regarding methods of leakage testing and test 
records.) 

559 Some of these diagnostic procedures may require reference measurements of normal 
subjects. Guidance on the irradiation of volunteers is given in paras 165 to 174. 
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The use of 
nuclear-powered 
cardiac pace- 
makers 
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Design and supply of pacemakers 

560 It is essential that nuclear-powered cardiac pacemakers comply with the interim radiation 
protection standards of the Nuclear Energy Agency the principal requirements of which are 
given in paras 561 to 566. 

561 The physical and chemical form of the source material should be as non-dispersible (in the 
environment) and non-transportable (in the body) as is practicable. 

562 The source should remain sealed and leak-proof for not less than 10 half lives of the fuel. 
When the source is wipe tested, the wipe should be free of contamination when tested with an 
instrument capable at least of detecting 10"^ /tCi (0.3 Bq) of alpha or lO”** /iCi (3 Bq) of beta 
emitters on the wipe. 

563 The dose equivalent rate delivered externally should be as low as reasonably achievable. 

564 The source should be marked, by means which will resist a temperature of 1 300°C for 
90 minutes (cremation temperature) and also corrosion, as follows: 

(a) the trefoil symbol* and, if practicable, the word ‘radioactive’; 

(b) a code number to enable the origin of the source to be traced. 

565 The battery housing should be marked, by means resistant to a temperature of 800°C for 
30 minutes and corrosion, as follows: 

(a) the trefoil symbol; 

(b) the words ‘radioactive pacemaker’; 

(c) the wording ‘contact health authority for disposal’; 

(d) the year of sealing of the source; 

(e) the nature and activity of the principal radionuclide 

(f) the name of the manufacturer and the serial number of the battery. 

566 If the information marked on the battery housing is not clearly visible from the outside of 
the pacemaker housing, the latter should bear the same fire and corrosion resistant markings as 
shown in para 565. If the information marked on the battery housing is clearly visible it is suf- 
ficient to mark the pacemaker housing with: 

(a) the words ‘radioactive pacemaker’, 

(b) the name of the manufacturer and the serial number of the battery. 

567 Nuclear-powered cardiac pacemakers should be obtained from an authorised manufacturer 
or distributor. 

Implantation and removal of pacemakers 

568 It is essential that implantations of nuclear-powered cardiac pacemakers are performed only 
with the authorisation of the relevant health department. 

567 If implantation is aided by fluoroscopy the relevant precautions described in paras 175 to 
254 should be taken. No other special precautions are required by the practitioner who implants or 

removes the pacemaker but the guidance in paras 606 to 664 on storage and source control should 
be followed. 

570 After removal at or before death, pacemakers should be disposed of in accordance with the 
guidance of paras 665 to 687. 

Administrative procedures 

571 The bearer of a nuclear-powered cardiac pacemaker should be provided with a bracelet 
marked in English with at least the following information: 

(a) the words ‘radioactive pacemaker’ and the symbol indicating the radionuclide in the source; 

(b) the name of the bearer; 

(c) the telephone number where medical information on the bearer may be obtained in an 
emergency. 

572 The bearer should also be provided with an identity card showing his name and the name, 
address and telephone number of the hospital, clinic or appropriate authority to be contacted in 

♦See paragraphs 12 and 1 3 of Appendix 3. 
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case of an accident or malfunctioning of the pacemaker. He should be instructed to carry the 
identity card and wear the bracelet at all times, 

573 The bearer should be required to authorise the removal of the pacemaker after death (see 
paras 593 to 605). 

574 Full details about the implantation and removal of pacemakers should be given to the 
relevant Health Department to enable national records concerning bearers to be kept. 
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Patients leaving 
a hospital after 
administration 
of radioactive 
substances 



Scope 

575 This chapter deals with the conditions under which both in-patients and out-patients may 
be allowed to leave hospital to return to their homes. It is intended for the general guidance of 
radiotherapists and clinicians. If the patient is being sent to another hospital the advice in paras 379 
to 539 should continue to be followed; the advice on travelling in this chapter is also relevant. 

Department from hospital 

576 Patients to whom therapeutic activities of unsealed (dispersible) radioactive substances 
have been adrninistered, or in whom brachytherapy sources of short half life are still implanted 
or applied, may be permitted to leave hospital subject to the following conditions: 

(a) the residual activities of the radionuclides administered or applied do not exceed the values 
given in Table 1 1 or such lower values as may be decided in the light of special circumstances 
(see paras 584 and 592); 

(b) if the residual activity exceeds the relevant value in column 4 of Table 1 1 , the patients are 
given instructions regarding their behaviour, personal activities, and movements during an 
appropriate ensuing period; 

(c) the likelihood of a closed source being lost or of an unsealed radioactive substance leaking 
from the body is remote. 

577 Responsibility for the radiological protection of the patient and his contacts remains with 
the clinician after the patient has left hospital. He should therefore advise patients not to leave 
until the conditions in para 576 have been met. 



578 Patients treated with an intraperitoneal or intrapleural administration of colloids should 
remain in hospital for a defined period (e.g. of 24 or 48 h) to permit checking the insertion site 
for leakage of radioactive material. 

579 The advice of the NRPB may be sought concerning radionuclides not included in Table 1 1 
which have been administered therapeutically. Long lived brachytherapy sources should be removed 
before the patient is allowed to leave. 

580 Patients who have undergone diagnostic tests involving the administration of activities with- 
in the range recommended by ARSAC may normally be permitted to leave hospital without 
radiological protection conditions (but see para 588). 

581 If instructions need to be given to a patient, it is essential that he is provided with, and is 
instructed to carry, a card summarising such instructions and giving the address and telephone 
number of the hospital and department to be contacted in case of difficulty or accident. A suggested 
format for such a card is shown at the end of this chapter. It is essential that the patient’s general 
practitioner is informed of the instructions given to the patient on leaving hospital. The arrange- 
ments for drawing up and issuing instructions should be described in the local rules (AC2/50c). 

582 If the activity on leaving hospital is in excess of the values given in Table 12, the hospital 
from which the patient is leaving should be prepared to specify on enquiry the dates before which, 
in the event of death, neither a post-mortem examination, nor embalming, nor cremation, should 
take place without special precautions. 

Travelling 

583 The term ‘public transport’ is used in these recommendations to mean types of group trans- 
port where the seating arrangements are not under the control of the hospital which is discharging 
the patient. It will therefore include not only buses and trains but also some ambulance services. 



Table 11 Maximum activities of ladionuclides for patients permitted to leave hospital 



1 

RaMonuc&de 


2 

Travel by 
public transport 


3 

Travel by other than 
public transport 


4 

No 

restrictions 


Iodine — 131 


0.5 GBq (14mCi) 


1 GBq (27 mCi) 


125 MBq (3.5 mCi) 


Yttrium — 90 or gold — 198 
(sealed ox colloidal) 


1 GBq (27 mCi) 


2 GBq (54 mCi) 


250 MBq (7 mCi) 


Phosphorus — 32 


lGBq(27mCi) 


1 GBq (27 mCi) 


250 MBq (7 mCi) 
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584 The recommendations regarding travel by public transport have been based on a journey 
time in any one vehicle of 1 hour. If it is known that a journey of substantially longer duration 
is involved, either the activity on leaving hospital should be limited in proportion, or the patient 
should travel by means other than public transport. 

585 Subsequent journeys by public transport should be limited to 1 hour’s duration until the 
activity within or on the body has fallen to the appropriate value in column 4 of Table 1 1 ; the 
date on which this is expected to occur should be given on the instruction card. 



Instruction card to be given to patients on leaving a hospital during treatment with radioactive substances 





RADIONUCLIDE 
INSTRUCTION CARD 




FOR OFFICIAL USE 






Name: 












Address: 






Radionuclide: 












Activity: 






Hosp. No,: 












Department: 






Administered on: 






Hospital: 






/ /1 9 






Address: 












Consultant: 




4 


1 



Observe the following instructions 


This card should be 




carried at all times 


until / /1 9 


until the date shown 


(1) Avoid journeys on public 


at the top opposite. 


transport exceeding one 




hour. 




(2) Avoid going to places of 




entertainment. 




(3) At home, observe the rules 




given you by the doctor. 




(4) Do not return to work. 


In case of difficulty, telephone 




Dr 


Signed: 


at 


Doctor 


extension 


2 


3 



The card should have a distinctive colour, preferably yellow. 
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586 When a patient is conveyed by an ambulance under the control of the hospital, by the ■ 
hospital car service or by private car or taxi, consideration should be given to: 

(a) the need for any restriction on the position of the patient in relation to the driver; 

(b) whether or not other passengers, or passengers of a particular type, should travel in the 
vehicle, and if so whether they should sit at more than a specified minimum distance from 
the patient; 

taking into account the radionuclide which has been administered, its residual activity and the 
duration of the journey. The advice of the radiation protection adviser should be sought on these 
matters. When any special conditions are to be imposed , the driver should be instructed accordingly. 

Conduct at home 

587 Patients treated with radionuclides should not play with, nurse, or fondle children; the 
spouse, if stiU of reproductive capacity, should not share the same bed as the patient. Both these 
restrictions can be removed when the activity within or on the body has fallen to the appropriate 
value given in column 4 of Table 1 1 . The date on which this is expected to occur should be given 
on the instruction card but instructions regarding children and the spouse should be given verbally. 

588 Female patients who have undergone examination or treatment should be given advice, 
when necessary, concerning breast feeding. It should be recorded in the patient’s notes. 

589 There will normally be no need to place restrictions on visitors. 

Visits to places of entertainment and return to work 

590 Patients who are being treated may feel well enough to visit places of entertainment or to 
return to work. However, such visits or a return to work should be deferred until the activity has 
fallen to the relevant value given in column 4 of Table 1 1 . 

Hygiene following treatment with unsealed radioactive substances 

591 Traces of any radioactive substance excreted by the patient may conceivably be taken into 
the body of another person living in close association with the patient, either by ingestion or in- 
halation, and precautions should be taken to minimise this. Urine and faeces can be disposed of 
via the normal drains, and it is felt that normal standards of hygiene will prevent any significant 
transfer from this source. 

592 The patient should be instructed to take particular care if a bed pan is used. The radio- 
therapist or other climcian responsible for the patient leaving hospital should consider the hazards 
which may arise as the result of the patient being incontinent (e.g. from the contamination of bed 
hnen). Saliva may contain traces of radioactive substances which are readily transferred to the 
systemic circulation; the patient should therefore keep crockery and cutlery for his own exclusive 
use until the activity within the body has fallen to the appropriate value given in column 4 of 
Table 11. 
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Precautions 
after death 



Scope 

593 This chapter describes precautions which are necessary following the death of a person to 
whom radioactive substances have been administered or in whose body a nuclear-powered cardiac 
pacemaker has been implanted. 

General adivice 

594 The radiation protection adviser should advise radiation protection supervisors in hospitals 
for which he acts on the precautions to be taken following the death of a person in or on whose 
body there is a radioactive substance. This will apply primarily to hospitals where radioactive 
substances are administered but radiation protection supervisors at other hospitals, to which 
patients with radioactive substances have been admitted or transferred, should also receive any 
necessary advice. The hazards associated with diagnostic or tracer amounts of radioactive sub- 
stances are negligible and no special precautions need be taken. 

595 If a person undergoing treatment with radionuclides dies in hospital, the appropriate radiation 
protection supervisor should be consulted by those responsible for disposal of the body and for 
post-mortem procedures. 

596 Temporary implants of radionuclides should be removed from corpses before their release 
from hospitals. If death occurs outside hospital it is also preferable that a temporary implant is 
removed but essential only in rare cases when the limits in Table 12 would otherwise be infringed. 

597 It is essential that nuclear-powered cardiac pacemakers are always removed. Their presence 
will be recognisable since bearers of them are required to carry a bracelet and identity card (see 
paras 571 and 572). They are also required to agree to the removal of their pacemakers on death. 

Post-mortem examinations 

598 No special precautions are necessary for the post-mortem examination outside treatment 
centres of corpses if the activity does not exceed the relevant value in the second column of 
Table 12. 

599 If radioactive substances have recently been administered, the deceased person’s general 
practitioner or the consultant in charge will normally be able to advise the pathologist regarding 
the activity in the corpse (see paras 581 and 582). In case the examination is carried out without 
the knowledge of the general practitioner, the pathologist should note whether the deceased was 
carrying the instruction card referred to in para 581 . The activity will have fallen below the 
relevant value in the second column of Table 12 by, or very shortly after, the end of the period 
when carrying of the card is obligatory. If special precautions are necessary the guidance in para 600 
should be followed. 

600 The activities given in Table 12 are not necessarily applicable to post-mortem examinations 
at the treatment centre where the cases might be more frequent and the activities greater. At such 
centres the pathologist should, in consultation with the radiation protection adviser, familiarise 
himself with the radiation levels likely to be encountered and with the hazards involved. When 
conducting a post-mortem examination of a person who was receiving treatment with radio- 
active substances, similar precautions to those for operating theatres (see paras 514 to 516) 
should be taken, namely: 

(a) when high energy beta emitters are involved, two pairs of surgical gloves should be worn to 
protect the hands against beta radiation when the body is opened; 



Table 12 Maximum activities of radionuclides for disposal of corpses without special precautions 



1 

Radionuclide 


2 

Post-mortem or 
embalming 


3 

Cremation 


Iodine - 131 


500 MBq (14 mCi) 


1 GBq (27 mCi) 


Sealed yttrium - 90 
or gold - 198 


500 MBq (14 mCi) 


1 GBq (27 mCi) 


Colloidal yttrium — 90 
or gold - 198 


200 MBq (5.4mCi) 


1 GBq (27 mCi) 


Phosphorus — 32 


400 MBq (11 mCi) 


400MBq(llmCi) 
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(b) if the gloves are cut or tom duriiig the examination and the pathologist’s hands are injured 
the advice given in para 527 should be followed; 

(c) after the examination has been completed , the post-mortem room, instmments and equipment, 
and protective clothing, should be thoroughly checked for contamination and, if necessary, 
decontaminated (see paras 517 to 539). 

Pathologists and their assistants at treatment centres should, if necessary, be classified persons. 
Burial 

601 No special precautions are necessary in the direct burial, without embalming, of deceased 
persons who have received therapautic doses of radionuclides. 

Embalming 

602 No special precautions are necessary for the embalming of corpses if the activity does not 
exceed the relevant value in the second column of Table 12, The emb aimer can be sure that this is 
so by following the advice in para 599. 

603 Corpses containing greater activities than those specified in the table should not normally 
be embalmed, but if there are special reasons for doing so in a particular case the embalmer should 
first consult the hospital where the treatment was given. 

Cremation 

604 It is essential that any nuclear-powered cardiac pacemaker is removed. No special pre- 
cautions are necessary for the cremation of corpses if the activity does not exceed the relevant 
value in the third column of Table 12. 

Other radionuclides 

605 The NRPB* is available for consultation if any radionuclides not listed in Table 12 are 
involved. 



Northern Irekiid, the Northoii Ireland Radiation Protection S ervice, 
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Principles 

606 Radioactive rnaterials which are not in use should be kept in a properly designed store unless 
their removal from the working area is likely to result in a greater hazard to the persons concerned. 
The arrangements made should provide security against loss or theft and damage by fire as well as 
protection against radiation hazards. 

Responsibility 

607 While overall responsibility for safe storage of radioactive materials rests with the^controUing 
authority, it may often be found beneficial to appoint a custodian to be responsible for organising 
the security during storage and use of all radioactive materials at the establishment and for ensuring 
that all necessary records are kept. The custodian may be the radiation protection adviser if this 

is found to be convenient, (see also para 38 regarding supervision.) 

608 At larger establishments it is recommended that one or more persons should be appointed 
in each department in which radioactive materials are stored. This person or persons would be 
directly responsible under the custodian of radioactive substances for the receipt, storage, main- 
tenance and issue of radioactive materials. 

609 If no custodian is appointed, or if there is no specific person responsible to him, the duties 
assigned to them in these guidance notes will still need to be performed. However control is 
organised, the responsibilities of the persons involved should be defined in the local rules. 

610 It is essential that radioactive materials issued from a store are at all times, until their 
return or disposal, in the care of responsible individuals. The local rules should define precisely 
the responsibility of such individuals. 

Provision and design of stores 

61 1 Radioactive material which is not in use must, so far as is reasonably practicable, be kept 
in a suitable receptacle and in a suitable store (Reg 26). The terms of registration under Section 1 
of the Radioactive Substances Act 1960 will normally include a similar requirement. As long as 
it meets the criteria for suitability set out in paras 612 to 620, the store may be a place set apart 
from the work or it may be a cupboard, safe, drawer, etc., within the working area. In general, the 
former will be preferable for long-term storage and the latter for short-term storage, such as of 
prepared radiopharmaceuticals which are about to be administered. It may, therefore, be 
necessary to provide both types of store. 

612 The store should, so far as is reasonably practicable, be reserved for radioactive materials, 
their immediate containers and receptacles, and immediately ancillary items such as handling 
tools and shielding materials (AC 1/196). 

613 It is essential that stores for radioactive materials are sited and designed so that all persons 
are adequately protected during both storage and transfer of materials to and from the stores. 
Stores should therefore, where reasonably practicable, be located near working areas. The store 
should provide adequate shielding (AC 1/1 97(b)); the radiation dose rate at any accessible position 
outside the store should not exceed 7.5 juSv h"^ (0.75 mremh"^). It is essential that the pro- 
tection provided within the store is such that the person who transfers materials does not, in the 
performance of these duties, receive more than small fractions of the dose limits. The radiation 
dose rate inside the store should not normally exceed 0.2 mSv h“^ (20 mrem h“^) at 5cm from 
any source, source container or shielded compartment for long-term storage, or 2 mSvhr^ (200 
mrem h“^ ) for temporary storage. Data for the computation of shielding are given in BS 4093 

614 In providing shielding for radioactive materials it is essential to consider the scattered 
radiation. It is not sufficient to place large activities behind a barrier, no matter how thick, if the 
radiation scattered around it presents a hazard. 

615 Consideration should also be given to the location of radioactive materials within a store. 

If it can be ensured that no materials can be placed close to the outside wall the shielding may be 
reduced. Advantage can sometimes be taken of self-shielding, e.g. by arranging a group of spent 
radionuclide generators so that the one with the highest activity is at the centre. 

616 Unless only a few closed sources or containers of unsealed radioactive substances are to be 
stored, or the dose rates in their vicinity are low, a number of separate compartments should be 
provided in the store (for example, drawers or slides) so that the total stock can be subdivided, 

A separate compartment should normally be provided for each different type of source or radio- 
nuclide, while a number of compartments should be .provided for each type or radionuclide when 
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the number of sources or containers is considerable. An individual compartment should not 
normally contain more than 20 sources, or an activity exceeding the gamma-ray equivalent 
of 100 mg radium— 226, for example, about 100 GBq (270 mCi) of caesium— 137. Each com- 
partment should be so marked as to permit immediate and certain identification of its contents 
from the outside. 

617 The store should, where necessary, be ventilated by mechanical means (ACl/1 97(d)). 
Ventilation will be required when radioactive gas, dust or vapour is liable to be present, e.g. when 
several milligrams of radium are stored. This condition may be specified by the Department of 
the Environment in the Certificate of Registration. The mechanical means may be an extractor 
fan mounted in an outside wall. The fan should be operated continuously while persons are 
present in the store room or close to an open store cupboard and also for a sufficient time before 
the room is entered or the cupboard opened. The exhaust point should be well chosen. Filters 
are unnecessary for the amount of radioactivity normally stored in hospitals and are, in fact, 
undesirable because of the maintenance and disposal problems they create, 

618 Attention should be given to the radiation hazards which may arise from stored radioactive 
substances in the event of fire and flood. It is essential that the place of storage is chosen and the 
store constructed with this in mind. Advice on these matters may be sought from the Chief Fire 
Officer or Fire Master (see para 87). The approved code requires that the store should provide 
appropriate fire resistance and protection against flooding (ACl/197) and the Department of the 
Environment wfil usually require that the store is designed and constructed so that every registered 
source or substance is reasonably protected against damage from fire and that the store contains 
nothing explosive or readily flammable (Registration under the Radioactive Substances Act 1960). 
An exception may be made to the last requirement in the case of material used as a neutron 
moderator; however, if paraffin wax is used it should be contained in water. Water alone is 
usually unsuitable since shielding can easily be lost through leakage or evaporation. 

61 9 Stores should provide adequate physical security (ACl /1 97(e)) and it is essential that they 
are securely locked except when it is necessary to enter or open them. 

620 A suitable notice should be displayed outside the store to warn persons in the vicinity 
(ACl/197). It is recommended that the design should be as illustrated in Appendix 3, Fig 4. 
Although it is not essential to list the contents of the store on the notice it can be of help in 
case of emergency if it is done. 

621 Under certain circumstances it may be necessary to store materials at reduced temperatures. 
Such materials may be stored in suitable refrigerators or deep freeze units which, if reasonably 
practicable, should be set aside solely for this purpose and be fitted with locks. 



Storage at place of use 

622 Sealed sources may be left inside teletherapy and remote-controlled after-loading equip- 
ment installed in a treatment room. Protection against leakage radiation and source security 
are considered in paras 362, 363, 368, 795, 819 and 824. There should be a radiation warning 
sign at the entrance to the room (see para 303). 

623 Sources may similarly be left inside fixed diagnostic equipment if it is made secure (see 
paras 546 and 548 regarding shielding and marking). 

624 Unsealed radioactive substances may be kept inside a fume cupboard or glove box if removal 
to a store would give rise to hazards. A radionuclide generator in current use should remain in the 
dispensing laboratory. The enclosure or laboratory should be lockable. Where radioactive sub- 
stances liable to be airborne are stored at the place of use see paras 461 and 466. 

Storage of mobile and portable equipment 

625 Mobile and portable equipment containing sealed sources, such as low activity after-loading 
equipment, extra-corporeal blood irradiators and gauges, should, when not in use, be moved to a 

store or to a place which can be treated as a store (i.e. it meets all the necessary requirements for a 
store). 

Special precautions for storage of unsealed radioactive substances 

626 There is a general requirement to consider the suitability of the storage receptacle (ACl/194). 

This section lists some special precautions when dispersible unsealed radioactive substances are 
stored. 
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627 It is essential that fragile containers, such as glass vials, are, whenever practicable, stored 
inside unbreakable containers. 

628 It is essential that active residues even of the activities used in diagnostic investigation are 
stored in containers, the stopper of which will not leak but will allow excess pressure of gas to 
escape. 

629 It is essential that chemically stable solutions containing radioactive substances in excess of 
200 MBq (5.4 mCi) of alpha-activity and 2 GBq (54 mCi) of beta-activity are stored in properly 
vented containers. These activities may be expected to produce above 1 millili tre, per month of 
gas at standard temperature and pressure from radiation decomposition of water. 

630 Chemically unstable solutions containing radioactive substances, e.g. nitric acid or other 
oxidising solutions containing traces of organic material, peroxides, chlorates, etc., should be 
stored in vented containers and kept in vented storage areas. 

631 Special care should be taken in opening containers of radioactive substances which have 
been long in store to minimise the danger from bursting or frothing. They should be opened only 
in a fume cupboard or glove box over a drip tray. 

632 Highly alpha-active solutions should not be left in thin glass vessels as the glass is liable to 
weaken under irradiation. It is not possible to state a concentration at which this becomes serious 
because the main danger is from dry deposits above the liquid surface. It should be borne in mind 
if the concentration is of the order of 50 MBq (1 .4 mCi) per millilitre or more. 

633 Solutions stored in refrigerators or deep freeze units should be in polythene or other suitable 
plastic containers unless the material has been supplied in a glass container which will not crack 
at low temperatures. 

Identification, inspection and leakage testing of radioactive materials 

634 Means of identification should, where reasonably practicable, be provided, by number, mark 
or other appropriate metliod, on all radioactive material exceeding a minimum notifiable quantity* 
(AC/ 187). Sealed sources and other closed sources having at least one dimension exceeding 5 mm 
should have been permanently marked by the manufacturer; wire, pins and foil which cannot be 
marked should be identified by labelling or colour coding (AC 1 / 1 88). In the case of sources smaller 
than 5 mm and dispersible radioactive substances, the identification should be on the container, 
e.g. applicator holding a single source, magazine containing gold— 198 grains, or vial of solution 
(ACl/189). 

635 Particularly in the case of unsealed radioactive substances to which para 627 applies, the 
identification of the contents should be repeated on the outer container. It is essential that aU 
containers are clearly labelled, using a system whereby the contents can be readily identified. The 
label should bear the radiation symbol (see Appendix 3). 

636 Where two or more types of source have a similar appearance it is essential that a method 
of discrimination is adopted; a check should be made regularly to verify that the sources are 
correctly identified. 

637 Sealed sources used for brachytherapy should be cleaned before being returned to the store 
so as to minimise subsequent sterilisation difficulties. See paras 406 to 409 regarding the cleaning 
and sterilising of small closed sources. 

638 It is essential that sealed sources are inspected after use for evidence of damage before 
being returned to store and that such sources are also regularly examined by a competent person 
with sufficient frequency to permit the early detection of progressive damage which might lead 
to the leakage of radioactive substances. 

639 A leakage test certificate should be obtained from the manufacturer for every sealed source 

and, if possible, for otlier closed sources or articles containing radioactive substances exceeding a 
minimum notifiable quantity. If a certificate cannotbe obtained the source should be tested for leak- 
age (ACl/204). Thereafter a leakage test sliould be made at least every 26 months unless the activity 
has fallen below the notifiable level (AC 1/205). Sealed sources should be leak tested by one of 
the methods, appropriate to the type of source, given in Appendix D of BS 5288: 1976 and 
in DD 66: 1980 . These methods may also be used for other closed sources but it is necessary 

to relax the criteria for freedom from leakage, possibly by several orders of magnitude. Tests 
should be made thoroughly but quickly, using forceps for holding swabs (as well as the sources 

*Minimum notifiable quantity is defined in Appendix 7 
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themselves), in order to minimise the radiation dose to the operator. A record of each test must 
be kept for 3 years (Reg 28); the details to be recorded are listed in ACl/208. It is essential that 
bottles of radiochemicals are tightly closed to prevent leakage until they are opened and con- 
firmatory leakage tests may be needed. However, it is undesirable to carry out leakage tests on 
vials of radiopharmaceuticals since this could interfere with the sterility of the contents. QuaUty 
assurance tests by the manufacturer may be supplemented by contamination monitoring of the 
area where vials are kept. (See also paras 325, 402, 558 and 718.) 

Maintenance and checking of stores 

640 It is essential that the stores are maintained in an orderly fashion and are inspected regularly 
by the custodian or by a responsible person nominated by him (see also para 650). 

641 Environmental monitoring should be carried out at regular intervals, and whenever there 
is reason to think that radiation levels might have changed significantly, in order to ensure that 
the area designation (see paras 54 to 65) remains correct. Radioactive materials may need to be 
moved temporarily in order to carry out contamination checks at the positions which they 
normally occupy. 

Stock records and control procedures 

642 The controlling authority must be able to account for aO radioactive material under its 
control at any time during the last 2 years except that it may be considered not reasonably practi- 
cable to do this if the material has an activity less than the notifiable level or a half-life less than 

3 hours (Reg 25 and AC 1/190). 

643 A record should be kept of all radioactive materials on the premises having a half-life of 
more than 12 hours which shows: 

(a) distinguishing number, identifying mark or other adequate description; 

(b) date of receipt onto the premises; 

(c) nature of the radioactive substance; 

(d) activity at a specified date; 

(e) whereabouts; 

(f) date and manner of disposal. (ACl/191) 

It will also usually be necessary to keep the same information for each registered source or sub- 
stance as a condition of registration under the Radioactive Substances Act 1960. It may be useful 
to add further information to the record, such as a more detailed description of the source or 
unsealed material. Entries should be made relating to examinations, leakage tests and repairs; 
alternatively,leakap test certificates may be attached to the record. For sources smaller than 5mm 
and dispersible radioactive substances the above particulars need be recorded only as far as reason- 
ably practicable but there should always be some record of where the radioactive material is kept 
and of significant losses (AC 1/1 92). 

644 In order to comply with the requirement to record the whereabouts of each item, it is 



essential that records are kept in each store of radioactive materials received, issued and returned 
these records being sufficiently detailed and so arranged that information concerning the precise ’ 
whereabouts of every closed source which has been issued, and its expected time of return, is 
immediately available. A means should also be provided for showing at any time the number of 
sources of each type actually in the store and available for issue. The possibility of supplementing 
written records with a convenient visual display system should be considered. This additional 
record of day-to-day whereabouts is not necessary for sources which are in a permanent recorded 



position. 




- • uuiiGi man aciivities, ot radioactive soluti 

dispensed. A record of both the initial activity and the initial volume will then be needed. 



646 Where radionuclide generators are used there should be: 

(a) a record showing the receipt of new generators and the return of spent ones; 

(b) a record of use for each generator showing the date, time and activity of each elution. 



ones; 
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648 If lengths of, for example iridium-192, wire are cut from a coil, they should be properly 
identified and recorded. 

649 When radioactive substances are administered to patients, entries should be made in the 
hospital’s stock records (AC2/53) and in the patients’ individual records. Entries will also be 
needed when temporary implants are removed. Except when a radioactive substance is administered 
as a temporary implant, the stock record should be closed when it has been administered and any 
of it which remains has been disposed of as radioactive waste. Any blood, urine or other biological 
sample taken from a patient, and having an activity above the minimum notifiable level, should be 
treated as a new radioactive substance and separately recorded; this does not apply if the sample is 
disposed of immediately (in the case of a radiotherapy patient) or within 24 hours (following a 
diagnostic test) (AC2/54). The approved code does not require any record of the activity remain- 
ing inside a patient but such information will be useful in connection with the nursing and dis- 
charge of the patient. 

650 It is essential that, at regular and frequent intervals, the custodian or the person(s) responsible 
for the store(s) undertakes an audit to account for every item listed in the records. Sources in the 
store should be counted (without necessarily checking serial numbers) except that a previous 
count may be accepted for a group of sources which have been stored in a sealed container since 
the previous audit. It is essential that sources which have left the store are covered by a current 
receipt. The stock of unsealed radioactive substances should be inspected to ensure that it agrees 
with receipts, issues and disposals, where necessary taking into account radioactive decay. 

651 The location of all items in the records should be physically checked at least once in every 
14 months and their whereabouts re-recorded (AC 1/1 93). It is essential that this annual check 
audit is undertaken by a senior officer nominated by the controlHng authority. 

652 Radioactive material which is no longer required should not be retained unnecessarily. It should 
be declared radioactive waste and arrangements should be made for its disposal (see para 674). 

In addition to a continuing assessment, the need to retain each item on the register should be 
positively reviewed during the annual audit. 



Internal movement of radioactive materials 

653 A radioactive substance should be considered to be transported if it is moved more than 
10 m [this may be amended when ACl/199 has been agreed]. It must, where reasonably practi- 
cable, be in a suitable receptacle while being transported (Reg 26). It is essential that such 
receptacles/containers are designed: 

(a) to provide adequate protection for all persons during loading, transport and unloading; 

(b) to prevent loss of radioactive substances; 

(c) to minimise the risk of spilling unsealed radioactive substances or releasing airborne or 
gaseous activity. 

Storage containers, particularly those for unsealed radioactive substances, may not be sufficiently 
robust to withstand transport shocks and will therefore require additional physical protection. 

654 The container should be clearly marked to indicate that is contents are radioactive; the 
label should carry the warning sign described in Appendix 3. When unsealed radioactive sub- 
stances are transported the label should indicate their nature and activity. Radioactive materials 
may alternatively be moved within the establishment in the packaging for external transport 
(see paras 661 to 664 and Appendix 6). 

655 Radioactive materials should be transported by, or under the supervision of, a trained 
person. If the transported item is handed over to another person, that person should be made 
aware of its radioactive nature. He should give a receipt for it in order to record its where- 
abouts. In any case it is essential that the item is not left unattended. 

656 Articles and equipment which contain radioactive sources should carry a suitable warning 
notice. If the contents are secure there will be no need to place such items in containers for 
internal transport. 

657 Care should be taken that radioactive materials are not moved inadvertently (see para 399). 

658 If it is necessary to pass along or cross any road to which the public has access when 
moving radioactive materials in a vehicle from one part of the establishment to another, the 
requirements for external transport apply. 
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659 The movement within hospitals of persons to whom radioactive materials have been 
administered may need to be supervised (see paras 426 and 504). 

660 The official requirements on storage and transport do not apply to corpses which may 
contain radioactive substances. Information should nevertheless be available where significant 
activity is present (see paras 582 and 595). 

External transport of radioactive materials 

661 The transport of radioactive materials outside the establishment must or should (as appro- 
priate) be in accordance with the current national and international regulations and codes of 
practice relating to the various means of transport used (see para 33 of Appendix 6). The materials 
should be packaged in accordance with the IAEA Transport Regulations^^^’"*^-* (ACl/201). 

662 Where goods are transported by an independent carrier, the radiation protection super- 
visor of the consigning department should ensure that they are properly packaged and labelled. 
The principal requirements are shown in Appendix 6. A consignor’s certificate may be required 
and the consignee should be advised. 

663 If the establishment wished to act as carrier, it is essential that the controlling authority 
lays down an appropriate procedure, in conformity with the Radioactive Subtances (Carriage 
by Road) (Great Britain) Regulations 1974 and the codes of practice for the carriage 

of radioactive material by road and for the storage of radioactive material in transit 
after consultation with the radiation protection adviser. It may be necessary to designate a 
controlled area or a supervised area within the vehicle and possibly, while the vehicle is 
stationary for a prolonged period (at least 1 hour), outside the vehicle (ACl/63). 

664 For incoming radioactive goods, suitable arrangements should be made to ensure that all 
persons are adequately protected. Packages should be opened only by persons having the necessary 
knowledge and in a suitable area. While waiting to be opened, packages should be properly stored 
bearing in mind that those with yellow labels may require additional shielding for other then 
temporary storage. 



*In Northern Ireland, the equivalent regulations. 
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Legal requirements 

665 Radioactive waste, except for some minor activities which are exempt, may be disposed of 
or accumulated only in accordance with the conditions specified in an authorisation under the 
Radioactive Substances Act, 1960 (see para 39). The conditions will include specification of: 

(a) the method(s) of disposal which may be used; 

(b) the maximum activities or activity concentrations of the waste which may be disposed of in 
a particular period; 

(c) the containment of the waste while awaiting disposal; 

(d) the maximum time during which waste may be kept; 

(e) the records which are to be kept. 

666 It is the duty of the controlling authority to ensure that an authorisation is obtained, to 
specify local rules to ensure that the conditions are observed, and to check periodically that the 
rules are being followed. If waste is Hkely to arise in several areas or departments, the controlling 
authority will need to ensure sufficient co-ordination of the arrangements covered by the same 
authorisation. 

667 Disposals of minor activities of radioactive waste have, subject to certain conditions, been 
exempted by orders from the authorisation requirements. Summaries of the exemption orders 
which are particularly relevant to radioactive waste arising from medical practice are given in 
paras 686 and 687. 

668 General guidance is given in paras 669 to 685 but, in following it, it is necessary to ensure 
that the action taken is in accordance with an authorisation or an exemption order. 

General guidance on the disposal of radioactive waste 

669 General policy on waste disposal is based on the white paper 'The Control of Radioactive 
Wastes’ (Cmnd 884) and on the report, issued in 1979, of an expert group set up by the 
Department of the Environment’s radioactive waste management co-ordinating committee to 
review Cmnd 884 Low level radioactive waste is best disposed of by the methods used for 
ordinary waste: 

(a) local authority refuse service for solid waste; 

(b) sewers for aqueous Hquid waste; 

(c) emission to atmosphere for gaseous waste. 

If precautions are taken, incineration is also an acceptable method of disposal (see para 678 (d)). 

670 Waste which, either for radiological or for other reasons, is unsuitable for local disposal may 
be disposed of by: 

(a) return to manufacturer, etc. (particularly for closed sources); 

(b) burial on an approved tip; 

(c) national disposal service. 

The white paper gives some guidance on the levels of activity which can in general be disposed of 
with ordinary waste. The authorisations and the conditions they impose are based on this general 
guidance but they have regard to the local conditions, which may affect permissible levels. Local 
conditions vary so widely that general conditions may frequently be modified. 

671 Advice on aU aspects of waste disposal, including particulars of the national disposal service 
for which there are special requirements on segregation and packing of waste, may be obtained 
from the Radiochemical Inspectorate of the Department of the Environment*. 

672 If the waste contains radionuclides of short half-life, the activity to be disposed of can be 
reduced naturally by storing the waste for a suitable period. The hazards associated with storage 
will need to be considered and accumulation of the waste will require authorisation unless an 
exemption order applies, in which case accumulation will be subject to the conditions specified 
in that order. 



* Or, as appropriate, the Environment Protection Unit, Welsh Office HM Industrial Pollution Inspectorate for 
Scotland/Scottish Development Department the Alkali and Radiochemical Inspectorate for Northern Ireland/ 
Department of the Environment for Northern Ireland. 
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673 It is convenient to recognise the following types of radioactive waste which may occur in 
medical practice: 

(a) sealed sources and other closed sources; 

(b) excreta from patients treated with unsealed radionuclides; 

(c) unwanted solutions of radionuclides intended for therapeutic use; 

(d.) normal low-level liquid waste, e.g. from washing of apparatus or liquid scintillation -counting 
residues; 

(e) normal low-level solid waste, e.g. paper, glass; 

(f) waste from spUls and decontamination; 

(g) gases; 

(h) spent radionuclide generators. 

674 Waste closed sources, for example disused radium sources, cuts lengths of iridium-192 wire, 
unwanted or broken applicators and sources in old cardiac pacemakers, may present a hazard if 
set aside unlabelled and forgotten. They should be clearly labelled and (if of short half-life) stored 
until by decay the activity is reduced to a level which permits disposal with ordinary waste, or 
they should be disposed of at once either by returning them to the manufacturer or other specified 
person or through the national disposal service. A decision should be taken as soon as such items 
are recognised as waste and action taken to implement the decision with reasonable speed. A 
sealed source which has reached the end of its working Hfe, as recommended by the supplier, 
should be removed from service and treated as waste. It is essential that any sealed source which 

is found to be leaking is immediately taken out of service and either repaired or disposed of 
(see para 405). 

675 The collection of radioactive excreta from patients and its storage will cause the irradiation 
of nurses and other hospital workers and increase the risk of spills. The nature of this material 
makes its storage undesirable in hospitals, unless good reasons for storage can be adduced. In most 
cases, disposal to a sewerage system wiU afford sufficient dilution to make irradiation of sewer 
workers and sewage disposal workers negligible. Also, since the sewage effluent from most of the big 
cities in the United Kingdom is discharged to the sea, to estuaries, and to rivers not used as 
drinking water supphes, there will not usually be any significant hazard to the general public. 
Accordingly, excreta from hospital patients receiving unsealed radionuclides of short half-life 
should be disposed of to the sewer. A convenient number of water closets should be reserved 

for these patients and contamination levels should be checked periodically. The drain serving 
the closets should be regarded as drains from a radioactive laboratory; if repairs are necessary, 
they should be done under the supervision of the radiation protection supervisor and measure- 
ments of radiation levels should be made as the drain is opened up. 

676 It may happen accasionally that relatively large activities, for example, therapy doses of 
iodine-131 and gold-198, are left over or unused. If the solutions are in a readily manageable 
form and of sufficiently short half-Hfe to render storage for decay convenient, they should be 
stored until their activity permits disposal to the sewer. 

677 Dquid waste of low activity resulting from simple operations involved in the dispensing 
and making up of solutions for hospital use, or from the washing of apparatus, is suitable for 
disposal to the sewer (see paras 454 (f) and (h)). liquid scintillation-counting residues which 
are immiscible with water should not be disposed of to the drains; alternative methods of 
disposal, such as incineration, either on the premises or by a contractor, should be used. 
Contaminated oil should be placed in marked drums and disposed of by a specialised service. 

678 

(a) Solid waste, such as contaminated paper tissues, swabs, glassware, and sirmlar materials, is 
usuaUy of low activity, not exceeding about 100 kBq (i.e. a few microcuries), and is there- 
fore suitable for disposal with ordinary refuse. 

(b) Occasionally , more active items, such as bed linen from incontinent patients, may arise. 

Care should be taken to segregate contaminated clothing and linen for treatment as indicated 
in para 536. 

(c) Disposable hypodermic syringes should be emptied at a place recognised for the disposal of 

liquid waste and stored for a suitable period to allow decay of any residual activity; normal 
arrangements for disposal of syringes may then be used. Syringes contaminated with long- 
lived radionuclides should be disposed of through the national disposal service. 
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(d) Combustible waste contaminated with carbon-14, tritium or radio-iodine can be burned 
with ordinary refuse in an incinerator if there is adequate dispersal of the radionuclides in 
the atmosphere. Incineration of wastes containing non-volatile radionuclides may concentrate 
the radioactivity in the ash, and ash of undesirably high activity in a not easily controllable 
state may be produced. 

679 The method of disposing of radioactive waste arising from spills and accidents will depend on 
the nature of the incident. So far as it is reasonably practicable, consistent with the safety of the 
staff involved and the urgency of the decontamination measures, the radioactive waste resulting 
from the cleaning up operations should be retained in suitable containers unless it is clear that the 
activity is low enough to permit immediate disposal. If it is not (or has not been) possible to pre- 
vent excessive activity from entering the drains, a large volume of water should be allowed to flow 
to provide dilution. After the immediate emergency is over, the activity of the resulting waste 
should be assessed and heavily contaminated swabs and other items set aside for storage or special 
disposal. It is essential that the Radiochemical Inspectorate of the Department of the Environment* 
is informed as soon as possible if waste of activity exceeding that specified in an authorisation 
certificate has arisen. 

680 Xenon-133 gas, arising from diagnostic tests, can normally be discharged through a nearby 
window. In general, gaseous wastes resulting from other normal hospital uses of radioactive sub- 
stances, such as exhausts from stores and fume cupboards and emissions from incinerators, should 
be discharged in such a manner as to prevent re-entry into any part of the premises. This condition 
is usually laid down in the authorisation certificate. It is important therefore that the points of 
release to the atmosphere should be carefully sited (see also paras 463 and 466). Radiation and 
contamination levels near discharge points should be checked periodically by the radiation protec- 
tion supervisor of the relevant department. 

681 Spent radionucHde generators should preferably be returned to the manufacturer for disposal. 
If this method is not used, generators should be disposed of throu^ the national disposal service or 
by other approved means. When the half life of the parent radionuclide is comparatively short (for 
example iodine-132 and technetium-99m generators) storage of the spent generator for a further 
period of natural decay may permit subsequent disposal with ordinary refuse; however, the presence 
of small amounts of long-lived residual activity will sometimes necessitate unacceptably long 
storage periods. More detailed guidance on the disposal of waste generator columns is given in the 
appendices attached to letter DS 302/73 issuedby the Department of Health and Social Security^^^®\ 

682 It is essential that aU radioactive waste awaiting disposal, or stored to allow decay, is kept in 
suitable containers which prevent any dispersion of the contents. Containers of other than low-level 
waste for disposal by the local authority (i.e., dustbins) should be clearly labelled to show the 
radionuclide(s) and activity on a given date; they should be marked ‘radioactive waste’ and with the 
radiation symbol (see Appendix 3). Materials stored prior to disposal via the national disposal 
service should be packed so that they can be transferred without producing further hazard or con- 
tamination of the ultimate disposal container. 

683 While decaying and/or awaiting disposal, radioactive waste should be stored in accordance 
with the requirements and advice given in paras 606 to 664, either in a store used for useful radio- 
active materials or in a store reserved for radioactive waste. The storage record called for in para 
643 should be continued (or commenced) but should be endorsed ‘radioactive waste’. 

684 It is essential that all disposal is properly supervised and carried out with the knowledge of 
the radiation protection supervisor. A record of the disposal should be made to satisfy the require- 
ments of the authorisation certificate or exemption order. The storage record should be closed. 

685 Empty containers which have been used for radioactive material may, if uncontaminated, be 
disposed of freely; but it is essential that all labels which might indicate radioactivity are removed 
or obliterated. 

Exemption orders 

686 Under the Hospitals’ Waste Exemption Orders, radioactive waste arising on the 
premises of a NHS hospital or registered nursing home from the medical treatment of human 

*In Wales, the Environment Protection Unit, Welsh Office. 

In Scotland, HM Industrial Pollution Inspectorate for Scotland/Scottish Development Department. 

In Northern Ireland, the Alkali and Radiochemical Inspectorate for Northern Ireland/Department of the 
Environment for Northern Ireland. 
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beings or from supply to patients or to registered medical practitioners, being waste containing 
no alpha-emitters and no strontium-90, may be disposed of without authorisation; 

(a) by means of the local authority refuse disposal service or to a tip used normally for inactive 
refuse provided that in any container at the time of disposal the activity is not greater than 
10 microcuries (370 kBq), that the activity of any article is not greater than 1 microcurie 
(37kBq), and that the volume of refuse is not less than 3 cubic feet (0,1 m^). 

(b) by burning on the premises, or on those of another hospital, provided that the activity burnt 
is not greater than 30 microcuries (1.1 MBq) in any day and that the residual ash from burnt 
waste is disposed of as for other solid waste, i.e. so that the activity in any 0.1 m^ of other 
solid non-radioactive waste does not exceed 10 microcuries (370 kBq). 

(c) by discharge to the foul water drainage system provided that in any four consecutive weeks 
the activity does not exceed 10 millicuries (370 MBq) if the system connects to a public sewer 
or 2 millicuries (74 MBq) if it does not. 

It is a condition of exemption that records of the activities disposed of are kept; the activities may 
be estimated in any generally accepted manner. Waste may be stored on the premises provided that 
it is in a closed container and is disposed of within 2 weeks. 

687 Under the Waste Closed Sources Exemption Orders, a waste source may be disposed 
of without authorisation either to a person authorised under the Radioactive Substances Act 1960 
to dispose of that type of waste or to a manufacturer of that type of source provided that records 
are kept showing the radionucHde(s) and its activity, the date of disposal and the name and address 
of the person who receives the waste source. Waste closed sources must be kept in appropriate con- 
tainers or stores and disposed of within 12 weeks unless authorisation for a longer period is 
obtained. 
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Emergency 

procedures 



Introduction 

688 Contingency plans, described in the local rules, are obligatory where it is reasonably fore- 
seeable that an accident or incident could lead to significant radiation exposure of any person (see 
para 86). This section gives guidance on the circumstances for which such plans are needed and on 
the action required. 

689 Experience has shown that most incidents involving spills of unsealed radioactive substances 
in hospitals do not warrant any drastic emergency action but require only simple remedial action 
by local staff, often as part of their routine procedures, for the control of spread of contamination. 
Nevertheless, a more serious incident could possibly occur and some preparation to anticipate the 
event is necessary. In the present context it is essential to treat an incident as an emergency if it 
involves the dispersal of more than 300 kBq (8 nCi) of Class 1 , 30 MBq (0.8 mCi) of Class 2, 3 GBq 
(80 mCi) of Class 3 or 300 GBq (8 Ci) of Class 4 radionuclides, or one-tenth of these activities when 
a gas, vapour or aerosol is concerned. (These are one-tenth and one-hundredth respectively of the 
activities shown in Table 2.) 

690 Emergency procedures are also essential; 

(a) in the event of the loss or suspected loss of a closed source or of unsealed radioactive material; 

(b) if a closed source is damaged to an extent which involves or mi^t involve, the dispersal of 
more than the above activities of radioactive material, (it is essential to treat accidents to 
radium containers as serious emergencies (see para 411)); 

(c) if it is not possible to retract a radioactive source, close a shutter or switch off a radiation 
beam by normal methods. 

691 It is essential that the local rules cover: 

(a) preparations for dealing with an emergency; 

(b) action to be taken during an emergency; and 

(c) action to be taken when the immediate emergency is over, 

in accordance with the principles set out in the following sections. The local rules should include 
the names of persons responsible for implementing the plans and all details of the plans should be 
kept up to date (ACl/225). 

Preparations for dealing with an emergency 

692 It is essential that the instructions on action to be taken in an emergency cover aU the points 
dealt with in paras 700 to 71 1 which may be relevant and that they are read and understood by all 
persons who may be concerned. They should be reviewed periodically and revised as necessary. 

693 Care should be taken to ensure that there are adequate means of escape in the event of a fire 
or other emergency; the local rules should make clear the circumstances in which emergency exits 
are to be used (see also paras 87 to 89 regarding fire emergencies involving radioactive substances). 

694 It is essential that notices are posted in or near every controlled or supervised area where 
radioactive substances are used showing: 

(a) the system of warning persons in the vicinity; 

(b) the system for contacting the radiation protection supervisor, to whom the emergency is to be 
notified immediately; 

(c) arrangements for calling the fire brigade and medical services; 

(d) the location and method of use of emergency equipment including fire fighting equipment. 

695 An up to date list should be included in the local rules and/or the notices showing the names 
and telephone numbers of persons to be notified according to the circumstances. 

696 Equipment should be kept available for use in an emergency where unsealed radioactive 
materials are used with activities in excess of those specified in para 689 for Class 1 , 2 and 3 
nuclides, and in excess of 3 GBq (80 mCi) for Class 4 nuclides. The essential items depend on the 
type of work being carried out, but consideration should be given to the inclusion of the follow- 
ing: 

(a) overshoes, protective clothing (including gloves and caps) and respirators or breathing apparatus 
(see para 697), 

(b) decontamination materials for the affected area, including absorbent material for wiping up 
spills; 

(c) decontamination materials for persons; 
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(d) barriers, or means for roping off affected areas ; 

(e) appropriate warning notices; 

(f) handling tools and receptacles for contaminated articles; 

(g) portable monitoring equipment, including personal monitoring devices, such as pocket dose- 
meters, thermoluminescent dosemeters and film badges (drawn from current stocks as 
necessary); 

(h) non-porous floor covering, e.g., Kraft paper (to be used only after any liquid spill has been 
cleared up); 

(i) sundry items, such as adhesive tape, labels, torch, notebook and pencils, and simple first-aid 
equipment. 

Emergency equipment should be kept, as far as practicable, in a clearly labelled suitcase or similar 
container in a readily accessible site. Fire fighting equipment is referred to m para 87. 

697 Respiratory protective equipment must be of a type which has been certified by a test house 
holding a HSE certificate of approval (Reg 23(1)). The equipment, and aU readily detachable parts, 
should carry an identifying mark and should be thoroughly examined by a radiation protection 
supervisor every 6 months while awaiting issue; his signed and dated report, containing full details 
of the examination, should be available for inspection. The equipment should be kept clean (see 
para 719). 

698 Advice is given in paras 360, 365 , 366 and 410 regarding preparations for dealing with 
incidents involving beam therapy or remotely-operated after-loading equipment or closed radio- 
active sources. 

699 Where appropriate, contingency arrangements must be rehearsed at suitable intervals (Reg 31 
and AC 1/226). Rehearsals should be held wherever conditions are such that a serious emergency 
might occur, for example dispersal of radioactive material in excess of the activities shown in Table 
2 or inability to retract a radioactive source or close a shutter resulting in the exposure of staff or 
patients to high dose rates. The exercises should be designed to test the effectiveness of the arrange- 
ments and to ensure that all persons concerned know what action to take. Mock or low activity 
sources should be used during training exercises, so far as practicable. 

Action during an emergency 

700 The best course of action in an emergency depends very much on local circumstances and 
the nature of the emergency. If it involves an X-ray set or accelerator, all of whose exposure con- 
trols have failed, it is necessary only to switch off the main supply in order to remove aH radiation 
hazards (except possibly from induced radioactivity in the case of high energy accelerators). If 
radioactive material is present the emergency may involve; 

(a) a high dose rate (see para 709); or 

(b) actual or potential dispersal of activity (see paras 701 to 708). 

Occasionally both hazards may be present. 

701 In some circumstances the most urgent need would be to summon the fire services or medical 
assistance; otherwise the normal priorities where radioactive materials have been dispersed would 
be: 

(a) to warn persons in the immediate vicinity of the accident; 

(b) to notify the radiation protection supervisor who could issue further warnings and summon 
further aid as required; 

(c) to render first aid to any person who may be seriously injured; 

(d) to deal with the emergency or evacuate the area as dictated by circumstances. 

702 Until an appropriate plan has been worked out by the radiation protection supervisor only 
the nunimum immediate action should be taken, 

703 Except where the person in charge decides that it is necessary immediately to evacuate the 
area (see para 704), attempts should normally be made in the case of solids and liquids to limit 
the dispersal of the radioactive substance or in the case of radioactive gases or vapour to disperse 
them as quickly as possible. 

704 In the case of serious spills or source breakage, e.g. those beheved to ir^volve more than ten 
times the activities specified in para 688, immediate consideration should be given by the person in 
charge to the prompt evacuation of the laboratory or area. 
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705 If evacuation is required, and where time permits, all functioning apparatus in the area should 
be made safe. Laboratory services except lighting, but including ventilation, should be switched off 
and all doors and windows should be closed. However, when radioactive gas or vapour, e.g. tritiated 
water vapour, is to be dispersed, mechanical ventilation should be left on and, with discretion, doors 
and windows should be opened. 

706 As far as practicable, attempts should be made to prevent contamination, particularly on 
shoes or clothing of persons leaving the affected area, from being carried to other areas. Contami- 
nated persons should not proceed far until they have been monitored and, if necessary, decon- 
taminated. However, the treatment of serious injuries will clearly have to take precedence over 
decontamination and containment of contamination. 

707 Provided that the wearer is not injured, all clothing contaminated in an emergency should be 
removed immediately and left in or near the affected area. Contaminated parts of the body should 
be washed thoroughly until either monitoring shows that contamination will not be significantly 
reduced by this method, or there is danger of roughening or breaking of the skin which would 
allow contamination to enter the blood stream. If contamination still exceeds the relevant value 
shown in Appendix 5, the advice of the appointed doctor should be sought. In the meantime, any 
contaminated wound, however trivial, should be irrigated with water or saline solution, care being 
taken to limit any spread of contamination to other parts of the skin. 

708 Persons entering the affected area to carry out emergency procedures should wear protective 
clothing and equipment. 

709 A direct radiation hazard may arise through loss of shielding or through failure of a shutter 
or source transport mechanism. If such an emergency occurs during the treatment of a patient the 
advice in para 361 or in paras 366 and 367 should.be followed. .Unless the source can be rapidly 
transferred to a protected receptacle using a long handled tool, the immediate area should be 
evacuated and barriers erected. Temporary shielding should be applied where this is practicable. 

710 In the case of a serious emergency, the radiation protection adviser should be informed 
immediately. 

711 If a source is lost, or thought to be lost; 

(a) the person responsible for security of sources see paras 607 to 610, as well as the radiation 
protection supervisor, should be informed without delay. The radiation protection supervisor 
should arrange for an immediate search for the lost source to be made by a competent person. 
The possibility that the lost source mi^t have fallen into a gap in protective material should 
not be overlooked; 

(b) The radiation protection adviser should also be informed; 

(c) all means by which the lost source might be moved further astray should, as far as possible, 
be eliminated, until the search referred to under (a) has been carried out. For example, there 
should be no sweeping of floors and no disturbing of furniture, sinks, etc. Any incinerators 
which might be involved should not be further used and the ashes should not be disturbed; 

(d) should there be any reason to suspect that the lost source might have become damaged, the 
possibility of contamination by spilled radioactive substances should be borne in mind. On 
the earliest indication of such contamination, rigorous precautionary measures should be 
instituted at once. 

Similar action is required if a quantity of unsealed radioactive material is lost. 

712 If necessary , assistance should be summoned from outside the establishment, for example 
from the NRPBf 

Action when the immediate emergency is over 

713 Appropriate action should be taken by properly trained and equipped persons to ensure that 
closed sources are fully shielded, to recover and remove material from broken sources and con- 
tainers, using handling tools, and to clear up the contamination of the working area according to 
the circumstances. Some methods of decontamination are given in paras 524 to 539. 

714 It is essential that access to the affected area is restricted until all the appropriate action has 
been taken to clear the contamination from the area and radiation surveys have satisfied the 
radiation protection supervisor that the area may be re-occupied. Any apparatus should be examined 
for defects before it is re-energised and working positions should be monitored. 

*In Northern Ireland, the Northern Ireland Radiation Protection Service. 
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715 Notification to HSE * the appropriate government departments and the police may be 
required in accordance with paras 41 to 45. This should be carried out without delay, for example, 
if a lost source is not speedily found. 

716 Personal dosemeters worn by persons involved in the emergency should be sent immediately 
to the approved laboratory for dose assessment unless the emergency was one which would not have 
resulted in a detectable external dose. The need for tests to determine the activity which has 
entered the body, and hence the committed dose, should be considered for all persons who may have 
ingested or inhaled radioactive substances whether or not they are subject to routine internal 
monitoring (see para 123 to 128). It is essential that the controlling authority arranges for any 
special examinations of the affected persons which the appointed doctor requires or recommends 
(see para 101). 

717 It is essential that the radiation protection adviser carries out an investigation of the emerg- 
ency and makes a report to the controlling authority with recommendations for avoiding recur- 
rence. An incident must be reported and investigated: 

(a) if it is believed to have caused any worker or member of the public to receive an over-exposure 
(Reg 9), or 

(b) if, as a result of a defect in or malfunction of radiation equipment, it is believed that a person 
who was undergoing a medical exposure was exposed to ionising radiation to an extent much 
greater than intended (Reg 30). 

718 If it is suspected that a source or article subject to leak testing may have been damaged in the 
incident, a leak test should be carried out as soon as possible by an authorised person (AC 1/206). 

719 Respiratory protective equipment should be thoroughly cleaned and disinfected after use 
according to the maker’s instructions (ACl/176). When necessary it should be decontaminated. 

Incidents which occur outside the establishment 

720 At some hospitals it may have been agreed to accept casualties arising from incidents involv- 
ing radioactivity which occur at other establishments or in public places, for example incidents 
dealt with through national arrangements for incidents involving radioactivity (NAIR). The casu- 
alties might be contaminated, externally or internally, and might also be injured. It is possible that 
casualties may arrive at hospital which has not been nominated to receive them. 

721 The controlling authority should lay down procedures to be followed by ambulance crews 
who may transport such casualties and in casualty departments where they may be received. 

722 If it is known or suspected that a casualty is contaminated, steps should be taken to obtain 
as much information as possible about the incident and the radionuclide(s) involved but necessary 
and possibly urgent medical attention should not be delayed. The radiation protection adviser 
should be informed unless he is already concerned in the incident. 

723 Staff handling externally contaminated casualties should wear protective clothing and ^oves. 
Garments which are contaminated should be removed from the casualty and placed in a suitable 
container, for example a polythene bag. If monitoring indicates that the casualty’s body is con- 
taminated, decontamination should be carried out under medical supervision. Advice on medical 
treatment is given, for example, in Manual on early medical treatment of possible radiation 
injury’: IAEA safety series No. 47 

724 Every effort, consistent with the medical care of the casualty, should be made to restrict the 
spread of contamination. Contaminated casualties should be kept away from other patients and 
not moved about unnecessarily. Facilities which they have occupied, for example ambulances, 
should be monitored before being restored to normal use and any necessary decontamination 
should be carried out (see paras 517 to 539). 

725 The arrangements should be capable of dealing with a wider range of radionuclides than 
those which are in use at the establishment receiving the casualty. 



*In Northern Ireland, the Department of Manpower Services. 
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General require- 
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726 Equipment used for medical exposures must be so designed, constructed, installed and 
maintained as to restrict the extent to which a person being examined or treated is exposed to 
ionising radiation, consistent with the desired clinical result (Reg 30(1)). There is a further general 
requirement, applying to all sources of ionising radiation, for safety features, warning devices and 
control measures that will, so far as is reasonably practicable, enable persons (other than patients) 
to avoid being exposed or restrict the extent of exposure (Reg 20). 

727 Regulations and approved codes contain some requirements which can be met only by 
devices incorporated into equipment design; the requirements are usually stated in broad terms and 
these guidance notes state in more detail the design features necessary to achieve compliance. How- 
ever, many other equipment design features wih be necessary if the safety of patients, staff and 
others is to be comprehensively assured. In due course all such design features will be specified in a 
series of British Standards based on international standards; the basic standard, BS 5724: Part 1 : 
1979 ( 78 )^ has been published. It will however be many years before all safety features are embodied 
in British Standards, even though a number are in an advanced draft stage. Thus, as an interim 
measure, these guidance notes contain detailed requirements for equipment design. Any require- 
ment herein is therefore to be met until such time as it is superseded by a requirement of a British 
Standard. It is unlikely that a British Standard would conflict with the approved code; indeed it is 
possible that reference to the requirement of a British Standard may later be incorporated in the 
approved code of practice. Where a British Standard exists it is essential that new equipment 
complies with its requirements, subject to an agreement with suppliers on a time-table for phased 
implementation or subject to agreement with a supplier to allow either extra time for implemen- 
tation or alternative ways of achieving equivalent degrees of safety (see para 732). 

728 It is highly desirable that contracts for the supply of new equipment require compliance with 
the design requirements given in these guidance notes and with any relevant British Standard: where 
both documents contain a requirement dealing with the same matter, the British Standard takes 
precedence. 



729 It is recognised that many relevant British Standards will contain requirements relating to 
safety features other than those pertinent to radiation safety, e.g. mechanical and electrical safety. 
Notwithstanding the desirability of compliance with such other safety features, these guidance 
notes are concerned only with matters of protection against ionising radiation. 

730 As explained in the introduction to these guidance notes, controlling authorities have the 
right to authorise departures from an ‘essential’ recommendation. This right extends also to depar- 
tures from a particular requirement of a British Standard. It is, however, recommended that the 
need for alternative safety features to be incorporated in the equipment should be considered. 

731 Existing equipment may not comply with the requirements of these guidance notes or of 
new British Standards. Equipment should therefore be examined when new requirements are 
published and modified where reasonably practicable, taking into account the benefits of the new 
requirements measured against the cost involved and any guidance which may be published on the 
necessity for modification. 

732 Agreements with suppliers on time scales for implementation of British Standards and 
alternative means of achieving equivalent safety may be made by the DHSS*, HS Et 

or the N R P B$ collaborating as appropriate to their areas of responsibility. Advice on such agree- 
ments, on British Standards and interpretation of requirements is available from these bodies; the 
NHS is advised normally to refer to the appropriate health department and others to approach 
NRPB or the Northern Ireland Radiation Protection Service. 



733 The general requirement for medical equipment referred to in para 726 applies not only to the 
equipment which delivers the radiation or directly controls the exposure but extends to all ancillary 
equipment (ACl/214 and 2/20, 39 and 46). 



*In Wales, the Welsh Office; in Scotland, the Scottish Home and Health Department; in Northern Ireland, the 
Department of Health and Social Services, 
tin Northern Ireland, the Department of Manpower Services, 
tin Northern Ireland, the Northern Ireland Radiation Protection Service- 
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General requirements 

7S4 It is essential that diagnostic X-ray equipment, other than that specifically designed for 
dental radiography, compHes with the requirements of this chapter or with a British Standard. 
Where a relevant British Standard exists its requirements on any particular aspect converning radio- 
logical protection take precedence except in so far as this section contains requirements of the 
approved code of practice. 

735 Some requirements apply to all diagnostic equipment of a particular type; others will depend 
on the user’s installation. 

X-ray tube housing and assembly 

736 It is essential that the protective housing of a diagnostic X-ray tube is so constructed that, at 
every rating specified by the manufacturer for the tube in that housing, the leakage radiation at a 
focal distance of 1 m does not exceed 100 mR (equivalent to a free air kerma of 0.87 mGy) in one 
hour. In assessing compliance with this requirement it is adequate for measurements to be averaged 
over an area up to but not exceeding 100 cm^. 

737 It is essential that every X-ray tube assembly is marked to identify the nominal focal spot 
position. 

Beam filtration 

738 It is essential that the inherent filtration of every X-ray tube assembly is permanently and 
clearly marked on the housing. 

739 It is essential that every added filter is permanently and clearly marked with its filtration in 
mm A1 equivalent. 

740 There should be appropriate filtration of the X-ray beam, having regard to the requirements 
of the work (AC2/15). The filtration will include the inherent filtration of the X-ray tube assembly, 
added filters and filtration afforded by objects permanently intercepting the beam, e.g., the mirror 
of a Hght beam diaphragm or (in the case of undercouch tubes) the couch top. For normal diag- 
nostic work, it is essential that the total filtration of the beam is equivalent to not less than the 
following: 

(a) 1 .5 mm of aluminium when voltages up to and including 70 kV are used; 

(b) 2.0 mm of aluminium when voltages above 70 kV and up to and including 100 kV are used; 

(c) 2.5 mm of aluminium when voltages above 100 kV are used. 

In the case of tubes for general examinations which may be used for soft tissue procedures such as 
mammography, part of the filtration may be removable but it is essential that the total filtration is 
never less than 0.5 mm equivalent of aluminium, this is particularly important in the case of 
beryllium window tubes, the inherent filtration of which is equivalent to only about 0,05 mm of 
aluminium. If the total filtration is greater than 1.5, 2.0 or 2.5 mm (according to the voltage) the 
user should be able to remove the excess in order to optimise a particular examination technique. 

741 Compliance with the minimum values given in para 740 may be checked by measuring the 
first (and if necessary also the second) half value layer of the X-ray beam at the particular operating 
conditions as an alternative to direct measurement and observation of thickness. 

742 The X-ray beam should not be significantly attenuated between the patient and the image 
receptor by objects such as the couch top (in the case of overcouch tubes) or an ionisation chamber 
for automatic exposure control. 

Beam size 

743 It is essential that the maximum cross-section of the useful beam from every diagnostic X-ray 
tube is hrmted, if necessary by means of a stop fitted in the tube aperture, to the maximum 
required in practice for each particular tube and that the stop, which should be located close to the 
tube window, affords the same degree of protection as is required for the tube housing. 

744 It is essential that all radiographic X-ray equipment is provided with properly ahgned adjust- 
able beam-limiting devices or cones to keep the useful beam within the limits of the X-ray film 
selected for each examination. 

745 When the requirements for beam size control on radiographic equipment are to be met by 
means of an adjustable beam-hmiting device, indication of field size should normally be by means 
of a light beam- A Hght beam diaphragm should be fitted to mobile and portable equipment. 
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746 It is essential that the protective enclosure of an X-ray tube used for fluoroscopic examin- 
ations is provided with an adjustable diaphragm system which should preferably be of such a design 
as will permit it to be completely closed and that, to prevent the lateral escape of radiation, the 
diaphragm system is fitted within a protective enclosure. The material of the diaphragm should, as 
far as practicable, afford the same protection as is required for the tube housing. It is essential that 
the tube housing and diaphragm are mounted in such a way that they will always move together. 

747 Except in the case of therapy treatment simulators, it is essential that the aperture of a tube 
which is used for fluoroscopy is limited, preferably by automatic means, so that the useful beam is 
confined within the image reception area (rather than the full area of the image receptor) whatever 
the distance of the X-ray tube from the image receptor. 

748 For mass miniature radiography, it is essential that the useful beam is restricted to the fluor- 
escent area of the screen and it should also be possible to limit it to suit the clinical requirements. 

It is essential that a li^t-beam diaphragm is fitted. 

749 For computed tomography scanners, it is essential that the useful beam is no greater than is 
necessary adequately to cover the active element(s) of tlie image receptor. 

750 Apertures, cones, or diaphragms which serve to limit the useful beam should, as far as practi- 
cable, afford the same degree of protection as is required for the tube housing. 

Image receptors 

751 Image-intensifiers should be used in fluoroscopy in order to increase the information obtained 
per unit dose received by the patient and reduce doses to staff. Certain special procedures such as 
cardiac catherisation and cinefluorography can be performed only if they are present and they are 
essential if mobile or portable equipment is used for fluoroscopy. Image intensifiers having a high 
conversion factor consistent with satisfactory diagnostic information transfer should be selected, 
e.g. caesium iodide input screens rather than the zinc cadmium sulphide type. 

752 Under the conditions that obtain in direct fluoroscopy, screen definition is not a limiting 
factor in the perception of the image and, therefore, high sensitivity fluorescent screens should be 
used. However, direct fluoroscopy should not be chosen for new installations and consideration 
should be given to replacing existing direct reviewing screens by image intensifiers. 

753 It is essential that the lead glass of a fluorescent screen has a lead equivalent of: 

(a) 1 .5 mm for apparatus capable of operating up to 75 kV; 

(b) 2.0 mm for apparatus capable of operating up to 100 kV ; 

(c) An additional 0.01 mm per kV above 100 kV. 

The lead equivalent should be clearly marked on the protective glass. 

754 It is essential that the housing and supporting plates of an X-ray image intensifier, and of the 
image receptor of a computed tomography scanner, provide shielding equivalent to at least 2 mm 
lead for 100 kV. From 100 to 150kV an additional lead equivalent of 0.01 mm per kV is required. 

755 Fluoroscopic equipment should, where reasonably practicable, have a means to ensure that a 
fluoroscopic exposure is not possible unless the image receptor is correctly positioned with respect 
to the X-ray tube (AC2/ 16(e)). 

Signals and marking 

756 It is essential that there is, on the control panel, a visible light which is illuminated when the 
set is switched on and the filaments of the X-ray tube are alight. 

757 ‘Where it is possible from a single location to initiate the production of X-rays from more 
than one X-ray tube, means should be provided associated with each X-ray tube for automatically 
giving a suitable warning signal whilst that X-ray tube is selected to emit X-rays.’ (AC2/14) This 
requirement is irrespective of whether the X-ray tubes are supplied from the same, or different, 
high voltage generators and whether the X-ray tubes are in the same, or in adjacent, rooms. Although 
it will often be possible to select one of a number of X-ray tubes from the same location, the 
requirement applies only when exposures on them can be initiated from the same location. It is 
essential that the warning signal comprises at least a yellow/amber light on or close to the tube 
housing of the selected tube and that the circuitry and mechanism associated with it are so con- 
structed that if, as a result of a defect in the system, an effective warning can no longer be given, it 
is not possible to apply high voltage to that X-ray tube. The approved code of practice does not 
require a warning light for an under-couch tube if the following conditions are met; 
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(a) there is only one under-couch tube; 

(b) all the X-ray tubes concerned are in the same room; 

(c) means have been provided to make it impossible to make an exposure with that tube without 
an image receptor correctly in position; 

(d) there is no significant likelihood of more than one patient being in the room at the same time. 
The other X-ray tubes always need individual warning fights. 

758 ‘A device should be provided which will automatically give a signal to any person operating 
the main control panel of any X-ray machine that an X-ray tube is energised to emit X-rays’ (AC2/ 
12). It is essential that the device comprises at least a fight and is provided near any position at 
which it is possible to initiate an X-ray exposure. In order to give a clear indication to the operator 
when an exposure is made, it is essential that the fight remains on long enough for the indication 
to be seen irrespective of the exposure duration. 

759 ‘The controls which govern the production of X-rays should be boldly and unambiguously 
labelled’ (AC2/17). It is essential that all other controls, instruments and indicating devices are also 
permanently and clearly marked to indicate their functions and that there is in particular, a clear 
and unambiguous indication of which X-ray tube has been selected on any control panel where 
selection is possible. Markings in plain language should be in En^ish. Markings by symbols should 
be in accordance with BS 0000*; their meaning should be described in the operating instructions. 

Exposure factors 

760 It is essential that the circuit on the primary side of the equipment is so constructed that 
currents in the X-ray tube do not exceed 5 mA during fluoroscopy and that a separate switch is 
provided for cinefluorography when the tube currents exceed 5 mA. 

761 Fluoroscopic equipment with automatic brightness control should have a range of available 
levels of kerma rate at the input screen of the image intensifier so that a choice can be made; if it 

is not possible for the user to select a relatively low level-of the order of 0.2 qGy s"^ (20 ]urad s"^)- 
there should be a means to limit the voltage or current of the X-ray tube to a predetermined level 
substantially below the maximum which could otherwise be obtained. Facilities for this limit to 
be over-ridden at the discretion of the radiologist, or the radiographer if he is in charge, may be 
incorporated. The set or actual value of any pre-determined tube factor, should preferably be 
indicated at the position normally occupied by the radiologist (radiographer); alternatively a 
radiation measuring instrument should be fitted (para 773). 

Exposure switches 

762 It is essential that all X-ray diagnostic equipment, except computed tomography scanners 
and equipment incorporating rapid film changers, has an exposure switch which has to be pressed 
throu^out and which is spring-biased so that irradiation is terminated if pressure is released (see 
para 768). Equipment incorporating rapid film changers may be arranged so that release of the 
handswitch initiates serial radiography or a single exposure. 

763 It is essential that the position of the exposure switch is as follows: 

(a) for fixed equipment, at the control panel or at the position of the radiologist; 

(b) for mobile and portable equipment, such as to enable the operator to be outside the useful 
beam and to be not less than 2 m from the tube housing and from the patient. 

764 When fluoroscopy is intended on certain tubes only, fluoroscopic switches (whether hand- 
or foot-operated) should be so connected that they cannot energise tubes intended for radiography 
only. (AC2/1 6(d)) 

765 Exposure switches should be designed so as to reduce, as far as is reasonably practicable, the 
likelihood of inadvertent production of X-radiation (AC2/16(a)); for example, it is essential that 
foot switches are so constructed that exposure does not take place if they are accidentally over- 
turned and that switches and stowage brackets for them are designed so that the switches are not 
accidentally depressed during stowage. 

766 It is essential that mobile equipment with an incorporated battery charger has a means 
whereby the generation of radiation can be prevented without preventing the charging of batteries. 
The preferred means is a key-operated switch which allows the equipment to be immobilised 
effectively while on charge. 

*In prepaxation. 
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Control of exposure duration 

767 ‘Effective means should be provided ... for automatically terminating the production of 
X-rays when the desired exposure is complete’ (AC2/16(b)). The exposure may be terminated after 
a pre-set time, mAs or quantity of radiation or after a tomographic scan has been completed (see 
para 771). ‘Where it is reasonably foreseeable that failure of the normal means . . . might occur, 
suitable alternative means should be provided’ (AC2/ 16(c)). The back-up should be as independent 
of the primary means as is reasonably practicable. 

768 The spring-biased explosure switch (see para 762) should be the primary means for termin- 
ating a fluoroscopic exposure and the back-up for a radiographic exposure. A separate, easily 
accessible switch should be provided in connection with rapid film changers for switching off in 
emergency. 

769 As a back-up during fluoroscopy, it is essential to provide a timing device with a maximum 
time range of not more than 10 minutes and arranged to terminate the exposure when the maximum 
time is reached. It is essential that the timing device is capable of being pre-set, preferably within a 
range of times up to the maximum, and that it gives an audible warning, visible warning, or both 
when the pre-set time has been reached. 

770 If carefully set up and used, automatic exposure control devices are valuable in achieving 
consistent radiographs and their provision is encouraged as the primary means of controlling the 
length of the exposure. Where two or more exposure control devices are used in one room it is 
essential to ensure that only the exposure detector behind the film to be taken can be selected. 

A selection switch operated by the insertion of the film cassette is one method of ensuring this. 

771 In equipment for computed tomography, it is essential to provide a device which terminates 
irradiation automatically as soon as the selected scan has been completed and if scanning stops 
before this. It is essential that irradiation is not possible if the scanning motor fails to start unless 
‘warm up’ conditions have been selected. 

772 If a ‘warm up’ faciUty is provided on computed tomography equipment it is essential that 
there is a clear indication on the control panel when the ‘warm up’ mode has been selected and that 
there is a timing device which de-energises the X-ray tube on completion of the desired ‘warm up’ 
time. 

Exposure measurement 

773 An area-kerma product meter should be fitted to fluoroscopy equipment at training establish- 
ments. The provision of instruments to measure and record area-kerma product and to give continu- 
ous indication of area-kerma rate is recommended for all radiology departments with automatic 
brightness control or cinefluorography facihties. The instruments may be permanently installed or 
used to make periodic checks. 

Protection against scattered radiation 

774 It is essential that all tables and stands which are used for fluoroscopy are provided with an 
adequate arrangement for protecting the operator and his assistants against scattered radiation 
from the patient and from materials between the X-ray source and the patient. When an under- 
couch tube is used, this may take the form of a protective ‘apron’ in which case it is essential that 
it is; 

(a) large enough; it should not be less than 45 cm wide and 45 cm long; 

(b) made of protective material having a lead equivalent of not less than 0.5 mm; 

(c) attached to the lower edge of the screen holder or intensifier support when the latter is vertical 
and to the operator’s side of the screen holder or intensifier support when this is horizontal. 

775 Additional protective ‘aprons’ or fixed shields should be attached to both sides of the table 
when the screen/intensifier is horizontal and, if practicable, also to both sides of the stand when the 
screen/intensifler is vertical. The beam limiting device for undercouch tubes should extend as close 
as is possible to the back of the table or stand. When an over-couch tube is used and staff may 
possibly be close to the patient, the space through which the primary beam passes should be en- 
closed so far as is reasonably practicable. This may be achieved by a rigid canopy from which are 
suspended protective ‘aprons’. The latter may be made of, for example, lead-loaded acrylic material 
which is transparent. A further protective ‘apron’ should be attached to the side of the table to 
protect the legs of a person who is close to it. 
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Scope and general requirements 

776 This section applies to equipment specifically designed for radiography of the teeth or jaws 
including radiography using an intra-oral film (or, with the same equipment, an extra-oral film), 
panoramic tomography with an extra-oral X-ray tube, panoramic radiography with an intra-oral 
X-ray tube and cephalometric radiography. 

777 It is essential that equipment for dental radiography of the types specified in para 776 
complies with the requirements of this chapter or with a British Standard. Where a relevant British 
Standard exists its requirements on any particular aspect concerning radiological protection take 
precedence except in so far as this chapter contains requirements of the approved code of practice. 

X-ray tube housing 

778 It is essential that the X-ray tube housing is so contructed that, at every rating specified by 
the manufacturer for an X-ray tube in that housing, the leakage radiation at a focal distance of 

1 metre doses not exceed 100 mR (equivalent to a free air kerma of 0.87 mGy) in one hour. In 
assessing compMance with this requirement it is adequate for measurements to be averaged over 
an area up to but not exceeding 100 cm^. The nominal focal spot position should be marked. 

Beam filtration 

779 There should be appropriate filtration of the X-ray beam, having regard to the requirements 
of the work (AC2/15). For dental radiology it is essential that the total filtration of the beam 
(made up of the inherent filtration of the X-ray tube assembly and added filters) is equivalent 

to not less than the following: 

(a) 1 .5 mm of aluminium when voltages up to and including 70 kV are used; 

(b) 2.0 mm of aluminium when voltages above 70 kV and up to and including 100 kV are used; 

(c) 2.5 mm of alumimum when voltages above 100 kV are used and for all intra-oral X-ray tubes. 
It is usually undesirable to use filtration greater than these values. 

780 It is essential that the inherent filtration is clearly marked on the housing and that every 
added filter is also marked with its filtration in mm A1 equivalent. 

Beam size and distance control 

781 It is essential that equipment for radiography using an intra-oral film is provided with a 
field-defining spacer-cone which will ensure a minimum focal spot-to-skin distance of not less 
than 20 cm for equipment operating above 60 kV and not less than 1 0 cm for equipment oper- 
ating at lower voltages. The cone may be a pointer cone or an open-ended cylindrical or divergent 
cone, the choice will depend on various considerations. It may be desirable to have two or more 
interchangeable cones for different radiological techniques; for example, a longer cone may 
sometimes be more suitable. The field diameter at the patient end of the cone should not exceed 
6 cm; it is essential that it does not exceed 7.5 cm. When the same equipment is to be used with 
occlusal or extra-oral films, the beam size may be increased, for these films only, but should not 
exceed the size of the film. 

782 For panoramic tomography the beam size at the cassette holder should not exceed 1 0 mm x 

150 mm. The total beam area should not exceed the area of the cassette holder receiving slit bv 
more than 20%. 

783 For other equipment it is essential that the maximum beam size is limited to the maximum 
required in practice. It is essential that equipment for cephalometry has a beam limiting device 

which enables the useful beam to be confined to the area of diagnostic interest and within the 
limits of the X-ray film selected. 

784 AH beam limiting devices should, as far as is practicable, afford the same degree of pro- 
tection as is required for the tube housing. 



Signals and marking 

785 -A device should be provided which will automaticaUy give a signal to any person operating 
the main control panel of any X-ray machine that an X-ray tube is energised to emit X-rays’ 
(AC2/12). This should take the form of a clearly visible hght on the equipment. If the exposure 
tune IS very short it is essential that the lamp remains Ut for long enough to give a clear indication 
or that an audible signal is given at the moment that the exposure is terminated. 
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786 There should also be a visible light on the control panel which is illuminated when the set 
is switched on. 

787 *Where it is possible from a single location to initiate the production of X-rays from more 
than one X-ray tube, means should be provided associated with each X-ray tube for automatically 
giving a suitable warning signal whilst that X-ray tube is selected to emit X-rays’ (AC2/ 14). This 
requirement is irrespective of whether the X-ray tubes are supplied from the same, or different 
generators, and it does not depend on where the tube is selected. The signal should take the 
form of a light mounted on or close to each tube housing which will be clearly visible as soon 

as that X-ray tube has been selected. The mechanism should be so constructed that, if the warning 
system fails, X-rays will not be generated. 

788 ‘The controls which govern the production of X-rays should be boldly and unambiguously 
labelled (AC2/17). It is also essential that, under the circumstances described in para 787, the tube 
selector is clearly and unambiguously labelled on the control panel. 

Exposure control 

789 There should be ‘effective means ... for automatically terminating the production of 
X-rays when the desired exposure is complete’ (AC2/ 16(b)). Termination may be arranged after 
a pre-set time, after completion of a pre-selected, anatomically programmed exposure or, in the 
case of equipment for dental panoramic tomography, when the rotational movement is completed. 
‘Where it is reasonably foreseeable that failure of the normal means . . . might occur, suitable 
alternative means should be provided’ (AC2/ 16(c)). The exposure switch (see para 790) may serve 
as these alternative means. The automatic and alternative means of termination should be as in- 
dependent of each other as is reasonably practicable. 

790 It is essential that all dental radiographic equipment has an exposure switch which has to be 
pressed throughout. This will allow the operator to terminate the irradiation at any time, that is 
to say, before the end of other than a very short exposure or in case the automatic termination is 
seen to have failed. 

791 The exposure switch should be designed so as to reduce, as far as is reasonably practicable, 
the likelihood of inadvertent production of X-radiation (AC2/ 16(a)). If resetting is automatic it 
is essential to ensure that pressure on the switch has to be completely released before the next 
exposure can be made. 

792 The exposure switch should be arranged so that the operator can be at least 1.5 m from the 
X-ray tube and from the patient for equipment operating up to 70 kV and at least 2 m away if the 
equipment operates at about 70 kV. 
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beam therapy, 
remotely-con- 
trolled after- 
loading and 
extra-corporeal 
blood irradiation 



General requirements 

793 It is essential that equipment for beam therapy , remotely-controlled after-loading and extra- 
corporeal blood irradiation complies with the requirements of this chapter or with a British 
Standard. Where a relevant British Standard exists its requirements on any particular aspect 
concerning radiological protection take precedence except in so far as this chapter contains 
requirements of the approved code of practice. 

794 Until there are relevant British Standards, it is essential that equipment of the following 
types complies with the requirements set down in ‘Recommendations of the radiotherapy 
apparatus safety measures panel’ (document RASMP/75) 

(a) accelerators capable of generating both high energy X-rays and electrons or capable of 
generating high energy X-rays only; 

(b) accelerators used for whole-body electron treatments; 

(c) gamma-ray and beta-ray beam therapy equipment; 

(d) ‘deep’ therapy X-ray equipment (in the range 150 kV to 400 kV); 

(e) ‘Superficial’ therapy X-ray equipment (in the range 10 kV to 150kV, with source-skin 
distances usually less than 40 cm). 

The principal requirements of RASMP/75 are indicated in this chapter but the full text should 
be consulted by persons ordering, manufacturing, accepting or inspecting equipment. 



Tube and source housing and beam4imiting devices 



Table 13 Maximum leakage radiation 





At 1 m* 


At 5 cmf 


6 


Therapeutic X-ray tube 
capable of operating at 
voltages up to 500 kV 


1 Rh-‘ 

(10 mGy h-» ) 


30 Rh-» 

(300 mGyh-D 




Therapeutic X-ray tube/ 
accelerator capable of 
operating at voltages 
above 500 kV (X-ray beam 
or electron beam) 


0.1%**Note 2 


— 




Beta and gamma beam therapy 
equipment, useful beam 
>1 Gyh-‘ (lOORh-i) 
at 1 m:- 








i Beam control OFF 


2 mR h-‘ 

(0.02 mGy h~U 


20 mR h-' 

(0.2 mGy h-> ) 




ii Beam control ON 


1 Rh-* 

(10 mGy h-*) or 0.1%** 
(which ever is greater) 


— 




Beta and gamma beam therapy 
equipment, useful beam 
< 1 Gyh-‘ (100 Rh-^) 
at 1 m:- 








i Beam control OFF 


2 mR h-* 

(0.02 mGy h~^ ) 


40 mR h~^ 

(0.4 mGy h~* ) 




ii Beam control ON 


1%** 


— 




After-loading equipment 






2 mR h“^ 

(0.02 mGy h~* ) 


Extra-corporeal blood 
irradiator (in use) 


2 mR h-* 

(0.02 mGy h~U 


— 





•From the focal/spot source 

fFrom the surface of the housing or its accessory equipment, at any position accessible to the patient. 

^Percentage of the absorbed dose rate/exposure rate of the useful beam at 1 m. 

pAt any position readily accessible to staff preparing a patient for treatment when all the sources are within the container 



Notes 
1 



For X and gamma radiation of the energies concerned, it may be assumed that an absorbed dose in water of 1 Gy (100 rad) corresponds to an 
pposure of 100 R within the necessary accuracy for the determination of leakage; equivalent values are shown in brackets on this assumption For 
beta radiation the maximum values of leakage are those expressed in mOy h"* . y ■ 



1 For electron accelerators in the range 1 to 50MeV the maximum absorbed dose due to leakage radiation may alternatively be as follows: 

(a) At any point, outside the maximum useful beam, on a plane circular surface of radius 2 m centred on and perpendicular to the beam axis at 

the normal treatment distance excluding neutrons 0.2% neutrons 0.05% 

(b) Outside the area defined in (a), at 1 m from the path of the electrons between the electron gun and the target or electron window 

excluding neutrons 0.5% neutrons 0.05% 

expressed as a percentage of the maximum absorbed dose in the useful beam, on the beam axis at the normal treatment distance. 
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795 It is essential that the exposure rate/ absorbed dose rate in water of leakage radiation from 
a radiation source housing or, in the case of after-loading equipment, storage container does not 
exceed the relevant value(s) shown in Table 13, For X-ray tube housings this applies at every 
rating specified by the manufacturer for an X-ray tube in that housing. For equipment in- 
corporating a radioactive source(s) it applies when a source(s) having the maximum activity 
specified by the manufacturer is/ are fitted. Measurements at a focal or source distance of 1 m 
and in a plane at the normal treatment distance are to be averaged over an area not exceeding 
100 cm^ and measurements at a distance of 5 cm from the surface of the housing are to be 
averaged over an area not exceeding 10 cm^ . 

796 It is essential that permanent cones or diaphragms used for collimating the useful beam 
afford the same degree of protection as is required for the relevant housing. 

797 It is essential that adjustable or removable beam-defining cones or diaphragms are con- 
structed so as to reduce the integral dose to the patient as much as practicable and that the 
material of the cones or diaphragms in no case transmits more than 2% of the useful beam. 

Control of irradiation 

798 It is essential that irradiation can be commenced only from the control panel. 

799 ‘Effective devices should be provided ... for terminating the exposure automatically 
when a preset time has elapsed or when a preset quantity of radiation Has been dehvered; where 
it is reasonably forseeable that failure of the normal means for terminating the exposure might 
occur, suitable alternative means should be provided’ (AC2/37). 

800 For equipment of the types Hsted in para 794 it is essential that two systems, which are as 
far as practicable independent, are provided for controlling the patient dose/treatment time, one 
system being arranged as the primary system and the other as the back-up system, as shown in 
Table 13. This also applies to accelerators generating only electrons above 1 MeV at dose rates of 
1 mGy s“^ (0.1 rad s~^ ) or more in air at 1 m from the source. It is essential that each system is 
capable of terminating irradiation. 



Table 14 Systems for control of patient dose/treatment time 



Equipment 


Primary system 


Back-up system 


accelerator 


integrating dosemeter 


integrating dosemeter 


gamma-ray and beta-ray 


automatic timer 


automatic timer 


beam therapy 






deep therapy, X-ray 


integrating dosemeter 


automatic timer 


superficial therapy. 


automatic timer 


automatic timer 


X-ray 







801 As a further safeguard against the effects of dosemeter failture, it is essential that 
accelerators are provided with an automatic timer which can be set to terminate the ir- 
radiation when a preset time has elapsed. 



802 It is essential that remotely -controlled after-loading equipment is provided with an 
automatic timer for each channel which is to be used separately. 

Record of treatment 

803 All equipment except for after-loading and extra-corporeal blood irradiation should 
be provided with a system which automatically and permanently records the time or magni- 
tude of each exposure. 

804 It is essential that dosemeters and timers read upwards from zero , so that the actual 
dose or time is shown in case of an overdose, and that they continue to display until reset. 

Signals 

805 ‘An appropriate automatic warning signal should be given to any person 

operating the control panel, whilst a machine or apparatus is energised to emit ionising 
radiation, whilst any shutter on such a machine or apparatus is open or whilst the useful 
beam of any radioactive source is exposed’ (AC2/36). In addition to a ‘beam on’ light on 
the control panel, it is considered essential to provide indicator light(s) on the control 
panel to show when the useful beam is ‘off and, in the case of beta and gamma beam 
therapy equipment, when the source or shutter is ‘in transit’. For after-loading equipment 
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‘on’ and ‘off are to be understood as meaning that the sources are in the treatment 
location and in the storage container respectively; an ‘in transit’ signal is desirable. 

806 It is essential that means are provided for operating the ‘on’ signals required near the 
entrance to and inside the treatment room (see para 305). 

807 It is essential that a clear indication is given at the control panel if irradiation has 
been terminated other than by the primary system. 

X-ray beam equipment and accelerators 

808 It is essential that the number of available combinations of X-ray tube voltage, current 
and quality filter is kept to a minimum and that there is an interlock system to ensure that 
irradiation can be carried out only with permissible combinations. 

809 It is essential that the choice and correct location of interchangeable filters is 
identified electrically. 

810 It is essential that an appropriate select and confirm system is provided where choice 
of mode of treatment or optional devices, such as wedge filters, is made in the treatment 
room. 

811 It is essential either to apply the full operating voltage and current sufficiently rapidly 
to prevent the absorbed dose to the skin of the patient from exceeding 50 mGy (5 rad) 
during the run-up period or to fit a shutter to the X-ray tube housing. It is essential that 
this shutter: 

(a) has a lead equivalent not less than that of the tube housing; 

(b) is operated from the control panel and its position (open or closed) is indicated there; 

(c) ensures that the absorbed dose to the patient’s skin does not exceed 50 mGy (5 rad) 
during the time that the shutter is opening. 

812 It is essential that the equipment is so designed that there is no necessity for the 
operator to hold it while it is in use. 

813 Except for superficial therapy equipment, it is essential that doserate is indicated at 
the control panel. In addition, some audible indication is very desirable. 

814 It is essential that accelerators which generate X-rays and electrons or X-rays only 
are provided with a high doserate trip. 

815 Where an accelerator is to be used for whole-body electron treatment, it should 
incorporate additional safety features (see Appendix 4). 

Gamma and beta beam therapy equipment 

81 6 The radioactive source(s) must be a sealed source(s) (Reg 27) and should conform 

with British Standard 5288 . Standard source capsules should be used whenever practi- 

cable. It is essential that the source activity does not exceed the specified maximum for 
the housing. 

81 7 It is essential that a remotely-operated beam control mechanism is used which is capable of 
functioning in any orientation of the housing, the mechanism being so constructed as to return the 
source or shutter automatically to the ‘off position both at the predetermined end of an exposure 
and in the case of any breakdown or interruption of the activating force. It is essential that the 
source or shutter stays in the ‘off position when the force is restored, until the mechanism is 
operated from the control panel. 

81 8 It is essential that the beam control mechanism is constructed so that it is possible , in an 
emergency, to return the source or shutter manually to the ‘off position with the least practi- 
cable exposure of the patient and operator. It is essential that any tools required for this operation 
are mounted in an accessible and clearly visible position near the treatment room entrance. The 
means of manually shutting off the useful beam should be as independent as practicable of the 
normal beam control mechanism. 

81 9 It is essential that the shutter or source can be locked in the ‘off position by a non-electric 
means. The lock should be as independent as practicable of the normal beam control mechanism. 

820 It is essential that the choice and correct location of wedge filters is identified electrically 
and that an appropriate select and confirm system is provided where this choice or the choice of 
mode of treatment, is made in the treatment room. 

96 

Printed image digitised by the University of Southampton Library Digitisation Unit 



Remotely-operated after-loading equipment 

821 The radioactive sources must be sealed sources (Reg 27) and should conform with British 

Standard 5288 . Depending upon the activity of the sources which the equipment is capable 

of transferring to the patient, the equipment may be either ‘high activity equipment’ or Tow 
activity equipment’ (see definitions in Appendix 7). 

822 It is essential that the remotely controlled source drive mechanism is constructed so as to 
return the sources automatically to the storage container at the predetermined end of an exposure, 
in the case of the operation of relevant interlock circuits, or if the drive power fads. It is essential 
that the sources remain in the storage containers when the power is restored and until the drive 
mechanism is operated from the control panel. 

823 In addition to the normal source control mechanism, high activity equipment should be 
constructed so that in an emergency the sources can be returned quickly to the storage container 
by manual operation, preferably from the control panel with the least possible exposure to the 
staff concerned. 

824 It is essential that the equipment is designed so that sources remain securely in the storage 
container while the equipment is not in use. 

825 High activity equipment should not be designed as mobile equipment (see para 295). 
Extra-corporeal blood irradiators 

826 The radioactive source must be a sealed source unless this is not reasonably practicable 
(Reg 27). 

827 It is essential that the housing is designed so that in no circumstances can the radioactive 
source be viewed directly. 

828 It is essential that the manipulation of the source between the ‘on’ and ‘off positions is 
by remote control. 

Neutron beam equipment and other future developments 

829 There are at present insufficient data on which to lay down particular requirements for 
neutron beam equipment for activation analysis or which might be used for therapeutic purposes. 
In the interim, when any project involving neutrons reaches the planning stage, reference should 
be made to either the Department of Health and Social Security, the Scottish Home and Health 
Department, the Department of Health and Social Services, Northern Ireland or the Welsh Office 
for advice. Similar action should be taken in regard to any future developments in usage of 
ionising radiations that are not covered by these guidance notes. 
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Appendix 1 
Dose equivalent 
and related 
quantities 



Dose equivalent 

1 The absorbed dose, D, is insufficient by itself to predict either the severity or the probability 
of deleterious health effects. In radiation protection it has been found convenient to introduce for 
this purpose a quantity called dose equivalent. This quantity is the absorbed dose weighted by the 
modifying factors Q and N, discussed below. The dose equivalent, H, at a point in tissue is given 
by the equation: 

H = DQN 

2 At the present time the ICRP has assigned a value of 1 to N, which might otherwise take into 
account factors such as dose rate and fractionation. The quaHty factor, Q, allows for the varying 
efficiencies of different types of radiation for producing biological effects and is defined as a func- 
tion of the linear colHsion stopping power (L^) in water of an ionising particle at the point of 
interest. Values of Q as a function of are recommended by ICRP and are given in ICRP publi- 
cation 26 

3 For a spectrum of directly or indirectly ionising radiation an effective value, Q, of Q at the 
point of interest can be calculated. When the distribution of L for the radiation is not known or 

oo 

cannot easily be calculated it is permissible to use approximate values of Q related to the type of 
primary radiation. For this purpose the ICRP recommends the following values of Q for both 
internal and external radiation: 

X-rays, y-rays and electrons 1 

Neutrons, protons and singly-charged 

particles of rest mass greater than 

one atomic mass unit of unknown 

energy 10 

o:-particles and multiply-charged 

particles (and particles of unknown 

charge), of unknown energy 20 

Deep dose equivalent index 

4 The deep dose equivalent index, is the maximum value of the dose equivalent at a depth of 
1 cm or more in a tissue sphere of 30 cm diameter. This quantity is often easier to assess for prac- 
tical situations of external exposure than the effective dose (see para 7). 

Shallow dose equivalent index 

5 The shallow dose equivalent index, Hj ^ , is the maximum value of dose equivalent in a shell from 
0.07 mm to 10 ram in depth in a tissue sphere of 30 cm diameter. This quantity may be used as an 
assessment of the dose to the skin from external radiation. 



Deep dose equivalent j 

6 This quantity is defined in the approved code as the dose equivalent at a depth of 1 g cm~^ in 
material corresponding to soft tissue (AC 1 /46(b) ). 

Shallow dose equivalent 

1 This quantity is defined in the approved code as the dose equivalent averaged between depths 
of 5 and 10 mg cm“^ in material corresponding to soft tissue (AC 1 /46(b)). 

Committed dose equivalent 

8 When a quantity of a radioactive substance is deposited in a body organ or tissue by single 
intake, the dose equivalent to that organ or tissue resulting from that intake which is accumulated 
over the foUowing 50 years, representing a working life, is known as the committed dose equi- 
valent, Hso- This may be represented by the equation: 

/ ■L +50a 

I 

H(t)dt 

to 

« 

where H(t) is the dose equivalent rate in the organ or tissue and to is the time of intake . 

Committed effective dose equivalent 

9 Hie committed effective dose equivalent to the whole body is the weighted sum of the com- 1 

mitted dose equivalents to individual organs or tissues, when the weighting factors are those shown 1 
in Table 2. | 

98 



Printed image digitised by the University of Southampton Library Digitisation Unit 



Annual limit on intake (ALI) 

10 This is a secondary limit designed to meet the basic limits for occupational exposure where 
due to internal sources. It is defined as the activity of a radionuclide which, taken alone, would 
irradiate a person, represented by reference man^^ , to the limit set for each year of occupational 
exposure. Therefore, when intake is less than the ALI, neither the committed effective dose equi- 
valent to the whole body nor the committed dose equivalent to any individual organ or tissue would, 
in any year, exceed the respective annual dose limits. ALIs for intake by inhalation or ingestion 
have been calculated by ICRP Committee 2 and are shown in ICRP publication No other 
limitation of rate of intake is recommended by ICRP except in the case of occupational exposure 

of women of reproductive capacity and pregnant women. However, the principle of ‘as low as 
reasonably achievable’ applies also to intake. 

11 For a mixture of radionucHdes the ALI may be taken as follows; 

(a) if the composition is known, the intake such that: 



where Ij is the intake during the year of the radionuclide j and Ij is the ALI for that radio- 
nuclide; 

(b) if the concentration of one of the radionucHdes is such that its toxicity predominates, the ALI 
for that radionucHde; 

(c) if the exact composition is not known but the radionucHdes present have been identified, the 
lowest ALI for any radionucHde known to be present; 

(d) if the composition is not known but the presence of certain radionucHdes can be positively 
excluded, the lowest ALI for any radionucHde that may be present. (ACl /46(a)) 
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Appendix 2 

Administrative 
organisation for 
radiological safety 



The example below indicates the type of administrative organisation suitable in a large hospital. 
The safety committee is assumed to have been set up under the Safety Representatives and Safety 
Committees Regulations 1977^*^^ (and the equivalent Northern Ireland regulations). 



Controlling authority 
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Appendix 3 

Signs to indicate 
ionising radiation 



12 British Standard 3510: 1968^®^^ specifies a basic symbol (see Fig 1) to denote the actual or 
potential presence of ionising radiation and to identify objects, devices, materials or substances 
which emit ionising radiation. The Standard does not specify any radiation levels at which the 
symbol is to be used. 




Fig 1 Basic ionising radiation symbol 

13 The areas shown shaded in Fig 1 are black. The background should be yellow, of a colour 
approximating to colour No. 309 of British Standard 38 1C. However, the symbol on a white 
background is required for labels on some packages containing radioactive materials and for 
placards on certain vehicles transporting radioactive materials (see Appendix 6). 

14 British Standard 5378: Part 1 : 1980^'^®^ specifies various types of safety sign including a 
warning sign indicating ‘caution, risk of ionisLag radiation’. This sign (see Fig 2) is triangular in 
shape, has a yellow background and a black border, and the radiation symbol is placed centrally 
on the background. It is specified that at least 50% of the area of the safety sign shall be yellow; 
consequently, the relative sizes of the triangle and of the symbol have to satisfy the following 
conditions: 

e>27R 

It is essential that the warning sign and radiation symbol are sufficiently large to be distinctive 
and that the sign is fixed in a prominent position. 




Fig 2 Warning sign— ionising radiation 



15 Explanatory wording may be needed. This should be put on a supplementary sign. BS 5378 
specifies that supplementary signs shall be oblong or square with the text in black on a background 
which is either white or of the same colour as the safety sign (i.e. yellow in the case of a warning 
sign). The wording might be used to identify a controlled or supervised area, to give information 
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about access, to indicate the nature of the source of radiation or the type of radiation, to draw 
attention to special precautions, etc. The number of words should be kept to the minimum 
necessary. 

16 A warning sign and its supplementary sign may, if desired, be mounted on a common, white 
background. Examples of warning and supplementary signs are given in Figs 3, 4 and 5. 

17 The preferred sizes for the overall height of safety signs are given in Appendix A to BS 5378: 
Part 2: 1980^'’'®^ namely 10 cm, 15 cm, 30 cm, 50 cm, 120 cm. Guidance on the size of wording for 
specific signs may be found in BS 5499: Part 1 . 

18 All safety signs giving health or safety information or instruction to persons at work (apart 
from the exceptions referred to in paras 19 and 20) which are put up after January 1981 must 
comply with BS 5378: Part 1 (the Safety Signs Regulations 1980).^^^^ Existing signs do not need 
to be changed immediately but all safety signs must comply with the British Standard by January 
1986. These requirements apply in particular to radiation warning signs. They apply not only 
when display of a sign is required by particular regulations or an approved code of practice but 
also when a sign is displayed voluntarily. A warning sign may have been attached to a piece of 
equipment by its manufacturer but it is the controlling authority’s responsibility to see that the 
Safety Signs Regulations are comphed with. Signs specified in the British Standard may be dis- 
played only to provide the health or safety information or instruction indicated by that sign. They 
must therefore be taken down when not required. 

19 Labels or marking on a package or container are excluded from the Safety Signs Regulations. 
This allows the use of the labels specified in the Radioactive Substances (Carriage by Road) (Great 
Britain) Regulations 1974^^®^ (and in other documents); these labels include the radiation symbol 
but not the radiation warning sign. This exclusion is not restricted to transport and it is acceptable 
to label a bottle in a laboratory as Fig 6. However, the door of a cupboard in which the bottle is 
kept should be labelled with the triangular radiation warning sign. 

20 Apart from the radiation warning sign, other safety signs may be needed for protection 
against ionising radiation, for example, a sign requiring gloves to be worn in a laboratory handling 
radioactive material or a sign to indicate the location of emergency equipment. These signs also 
must conform with BS 5378: Part 1 except where they relate to fire fighting or rescue equipment 
or emergency exits; BS 5499: Part 1, BS 2560 and BS 4218 should then be referred to. 




CONTROLLED AREA 
X-RADIATION 



Fig 3 Sign at the boundary of a controEed area 



102 



Printed image digitised by the University of Southampton Library Digitisation Unit 




Fig 4 Sign on a storage cabinet for 
radioactive materials 



Fig 5 Sign on the door of an X-ray room 




Fig 6 Label on a bottle containing radioactive solution 
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Appendix 4 

Dose control of 
accelerators used 
for whole-body 
electron 
treatments 



(This Appendix contains the text of Section 2 of the Recommendations of the Radiotherapy 
Apparatus Safety Measures Panel: document RASMP/75^°^\ The word ‘must’ is used in this 
Appendix with the same meaning as ‘it is essential that’; it does not indicate a legal requirement.) 

“Introduction 

2.1 These recommendations deal with the special measures necessary for patient safety when 
accelerators are used for whole-body electron treatments (e.g. of mycosis fungoides). The rec- 
ommendations are supplementary to those given in section 1 and must be read in conjunction with 
them. 

2.2 Four techniques for the administration of whole-body electrons have been considered: 

i treatment with the patient at, or close to, the normal treatment distance by successive adjoin- 
ing single fields; 

ii treatment with the patient at, or close to, the normal treatment distance by moving the 
patient through a narrow beam; 

iii treatment with the patient at such a distance that the whole anterior or posterior surface of 
the body can be covered by one or two fields with the patient stationary; 

iv conditions as in (iii) with the patient rotated. 

In the treatment of the whole body the dose from X-ray contamination of the electron beam 
could be a significant factor influencing the suitabihty of equipment and the selection of the 
best technique from the above list. However, the dosimetry systems described in this section 
will not distinguish between the X-ray and electron components. 

2.3 These recommendations set out safety principles relating to the above methods of giving 
whole-body electron treatments. Any other methods of giving such treatment or any questions 
relating to the implementation of the principles given here, must be referred to the Scientific and 
Technical Branch of the Department of Health and Social Security. 



Equipment safety features 

2.4 Where either technique 2.2(ii) or 2.2(iv) is used it is necessary to ensure that relative movement 
of patient and radiation beam does not stop during treatment and therefore an interlock system 
which terminates treatment if relative movement stops must be provided. The interlock must be 
controlled by movement of the couch or stand and not from any part of the drive mechanism. 
Radiographers must be instructed to observe movement during treatment and to check after 
treatment that the required couch or stand movement was achieved during the period in which 
the treatment was given. 

2.5 Treatments using techniques 2.2(i) and 2.2(ii) must be carried out at dose-rates within the 
working range of the dose control equipment specified in section 1 and therefore additional 
dosimetric measures are unnecessary. It is also possible to give treatment according to 2.2(iii) 
and 2.2(iv) at output dose-rates within the working range of the dose control equipment specified 
in section 1 and again, if this is done, additional dosimetric measures are unnecessary. However, 
operation in this way results in very low dose-rates at the patient and hence long treatment times 
and it will usually be considered necessary to operate the accelerator at dose-rates which would 
be beyond the working range of the normal dosemeters and which would cause the high dose- 
rate trip to function. In this situation special measures are essential to provide dose control for 
these long-distance techniques and also to ensure that subsequent patients when treated at 
normal distances are not subjected to excessive dose-rates. These special measures are detailed 

in clauses 2.6, 2.7 and 2.8. 

2.6 The following gives details of the preferred system for high machine-output, long-distance 
techniques. Two dose detectors must be placed in, or close to, the patient plane. The dose 
detectors must be part of a separate dosimetric system operated from a separate dosimetry 
and control panel reserved for these treatments only. Both the dosimetry system and special 
control panel must fully conform with all the relevant requirements of section 1 and must 
incorporate the following additional features: 

i a key-operated change must be provided to allow control of the accelerator to be trans- 
ferred from the normal treatment control panel and dosimetry systems to the special 
control panel and the remote dosimetry system; 

ii this key must be operated only by the physicist or engineer in charge; 

iii all the relevant interlocks and safety features required for normal electron treatments must 
be maintained when change is made to the special control panel; 

iv the change to and from high-intensity, electron-output running conditions in the accelerator 
must be automatically made by the key -operated change referred to in (i) above; 
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V in order to ensure that patients are not treated at the wrong distance, accelerators which 
have a facility for high machine-output electron treatment at long distances must have 
incorporated in their circuits an electrical interlock which reliably senses the presence 
of the patient at the correct long-distance position, and which allows treatment under 
the high-output conditions only when this interlock is being correctly activated. 

2.7 As an alternative to the system described in clause 2.6, treatments may be given from the 
technician’s standard control panel. However, with this alternative system, there will be no 
provision for automatically terminating treatment when the required dose has been given and 
the majority of the normal interlocks and safety features will be inoperative including the high 
dose-rate trip. Additionally special filters, decelerators and other devices might be utihsed. 
Consequently the change from normal operating conditions (including the accelerator running 
conditions) to those required for long-distance treatments, and the return to normal conditions, 
must be supervised by the physicist or engineer in charge The latter must consider the need 
for electrical and/or mechanical indicators for detecting and confirming the presence (or absence) 
of special filters, decelerators and other special devices and consider the need for a dummy run 
prior to any long-distance treatment. A strict and detailed protocol must be written. 

Since treatment will not be terminated automatically, two operators must be present at the 
technician’s control panel to observe the dosemeters and ensure termination at the correct dose: 
one of these persons must be a physicist or technician experienced in the operation of this panel. 
The following dosimetric requirements must be met: 

i There must be two or more detectors monitoring dose placed in, or close to, the patient plane. 
These detectors must be so positioned that they monitor different areas of the useful beam in 
order to give some indication of uniformity. These detectors must form part of a dose- 
integrating system, arranged so that a failure in one channel does not affect the other 

and that accidental communication between the two channels cannot occur. To this end 
the separate components should be kept electrically and mechanically independent as far 
as possible. Either the polarising voltage for the two detectors must be derived from power 
supply units which are totally independent or the polarising voltage of each detector must 
be separately displayed (the lead between the polarising electrode and the display being 
connected to the polarising electrode at a point remote from the supply load; 

ii The output displays from the two integrating dosemeters should be of identical form and 
placed close together on an auxiliary display adjacent to the technician’s control panel. The 
displays should be easy to read and must retain their reading until driven back to zero by 
the operator. The indicating devices must read dose upwards so that an overdose will give 

a reading. Dual scale meters or means to divide the scale by some factor must not be used. 

iii One of the detectors already mentioned, or a third detector, must be used to monitor dose- 
rate at the patient plane. Dose-rate must be displayed on the auxiliary panel. 

2.8 After a treatment using a high machine-output, long-distance technique and before any 
patient is treated at the normal distance, a dummy run under normal conditions must be carried 
out to check, the operation of the system for terminating treatment when the set dose is reached, 
and the operation of the high dose-rate trip. It must be the responsibility of the physicist or 
engineer in charge to ensure that these checks are made before normal treatments are resumed.” 

Additional guidance (not forming part of RASMP/75) 

22 The alternative system described in clause 2.7 does not conform with the requirements of the 
approved code of practice for effective means for terminating the exposure automatically and for 
suitable alternative means (see para 799). The object of these requirements is to satisfy the more 
general requirements of regulations 7(1), 7(2), 20 and 30(1) regarding restriction of the extent 

to which persons are exposed to ionising radiation, apart from necessary exposure of patients. 

23 It is recognised in the Introduction to the approved code that compliance with a regulation 
may be achieved by another method, but it should be able to show that the method provides an 
equally good standard of safety. 

24 It is essential that, before a patient is treated with the system desaibed in dause 2.7, the 
controlling authority consults the radiation protection adviser and issues a written certificate 
setting out the procedure to be followed and the precautions to be taken and giving the name 
of the physicist or engineer in charge. No-one apart from the patient should be allowed in the 
treatment room while the accelerator is being operated. 
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Appendix 5 

Derived limits for 
surface 

contamination 



25 The derived limits for surface contamination, whether removable or fixed, are given in Table 
Al. Surfaces should be cleaned whenever they become contaminated; decontamination is essential 
if these levels are exceeded. 

26 For the purpose of controlling surface contamination, radionuclides are divided into five 
classes, as shown in table A2; these classes are quite distinct from the radio toxicity groups. Radio- 
nuclides used in medical practice will nearly always be in classes III, IV or V. 

27 It is essential that the contamination of surfaces of the body, clothing and bedding is assessed 
by direct measurement. For other surfaces, direct monitoring should be employed wherever 
practicable; if wipe testing is employed, it should be assumed that 10% of the contamination has 
been transferred to the swab unless other information is available. 

28 Measurements of the contamination of surfaces of the body may be averaged over an area not 
exceeding 100 cm^ (para 3 of Schedule 1 of the regulations). For floors, walls and ceilings, the 
measurements may be averaged over an area not exceeding lOOOcm^; for other surfaces, over an 
area not exceeding 300 cm^. If there is reason to believe that discrete specks of a beta emitter may 
be embedded in clothing, the latter should be monitored with an averaging area of 1 cm^. 

29 The limits given in Table Al do not apply to volatile compounds and to radionuclides in 
forms that can readily penetrate the skin. 

30 The approximate equivalents in special units of the values given in Table Al are as foUows: 

3 X 10"^ Bqcm"^ 10"^ pCicm"^ 

3 10"^ 

3 X 10 10'^ 

3 X lO"" 10~2 

3 X 10^ 10'^ 

31 Guidance on monitoring and on decontamination, including the action to be taken when con- 
tamination is not easily removable, is given in paras 129 to 134, and 517 to 539. 

Table Al 

Category Surface Derived limit {Bq 

A Surfaces of the interiors and contents The minimum reasonably achievable 

of glove boxes and fume cupboards 

B Surfaces of controlled areas and of 

plant, apparatus, equipment (includ- 
ing personal protective clothing), 
materials and articles within con- 
trolled areas other than those in 
Category A 



Class I Class II Class III Class IV Class V 

*t3xl0-‘*3 3xl0» 3x10* 3x10* 



C Surfaces of the body 



Supervised and public areas, per- 
sonal clothing, hospital bedding 



OL emitters others 

tl3xl0-* 3xl0-‘ 3x10-' 3 3x10' 

fSxlO”' 3 X lO"' 3 3x10' 



3 x 10* 



3 X 10* 



* factor of 10 if the extent of contamination is less than 1 m' 

t For"^ Pa use a tenth of this value. 

237 

For Np use a tenth of this value. 



Table A2 



Oass Radionuclide 



I 

n 

III 

IV 

V 



»’Ac. “H,. ““Th, Th-mt, “'Pa, »=U. “>U, “U, •■‘u, alpha emitters with Z > 92 
'"Sm, »‘"Pb, “’ll,, »=U, ’“U, U^iepl, U-nat, U.enr, "'Pu 

All nuclides which are not in the other classes 

**S, ^Mn, ”Co, «*Zn, «*Ga, **Se, **Br, *^Sr, **'mTc. "«Cd, '**1, '«I, t97Hg^ ^otj^ 
*H, ®'Cr, ”Fe, «*Ni, '*'Cs 
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Appendix 6 

Transport of 
radioactive 
materials outside 
hospitals and 
other health care 
establishments 



32 An outline is given in this Appendix of the regulations,* codes of practice* or conditions* 
which apply to various modes of transport in relation to radioactive materials! used in medical 
practice. It is emphasised that this information is presented only as a guide and that the original 
documents should be consulted for a complete and authoritative statement of the requirements. 

33 There are regulations governing the transport of radioactive materials in the United Kingdom 

by road,^^®’^®^ sea^^®^ and these are supplemented by codes of practice.^®^”®'’^^ The British 

Railways Board and the Post Office issue their own conditions of acceptance.^®* (Only materials 
and articles of low activity may be sent by post.) 

For transport outside the United Kingdom, there are regulations and codes covering carriage by 
air,^*°^ sea,^*^^ road,^*^^ raU^**^ and post.^*®^ 

All these documents are based on the International Atomic Energy Agency (IAEA) Transport 
Regulations,^^’^^ 

34 One of the following types of package will usually be required; 

(a) exempt package; 

(b) type A capable of withstanding normal transport conditions and minor accidents, such as 
being soaked in heavy rain, dropped from the tailboard of a lorry or struck by a sharp object; 

(c) type B(U) designed to withstand severe accident conditions including fire. 

‘Exempt’ packages are exempt from the majority of transport requirements but are subject to 
quantity limitations and to certain conditions (see para 40 of this Appendix). Design features of 
types A and B (U) packages and the assessment of packaging are dealt with in detail in the IAEA 
Transport Regulations and British Standard 3895.^*^^ Type B (U) packaging needs prior approval 
by the competent authority which, for the United Kingdom, is the Secretary of State for Trans- 
port. 

35 Types A and B (U) packages must be: 

(a) not less than 10 cm for the smallest external dimension; 

(b) leakproof $ with respect to contents; 

(c) sealed as evidence that it has not been opened without authority, and any fastening device 
securely closed; 

(d) shielded to the required extent (see para 38); 

(e) sufficiently free of external contamination (see para 52). 

36 The maximum activity permitted in a Type A package is normally the value ki for the 
radionuchde involved. However, if the material is in special form a maximum activity, Ai , is per- 
mitted. Values of Ai and for some radionuclides transported and used for medical purposes in 
the United Kingdom are shown in Table A4. 

Material in special form must have at least one dimension not less than 5 mm and comply 
with the relevant IAEA test requirements. One type of special form is a sealed capsule containing 
radioactive material and so constructed that it can be opened only by destroying this capsule. 

Many sealed brachytherapy and teletherapy sources are in special form but this description may be 
used only if the design has been approved by the Secretary of State or by the competent authority 
of the country of origin of the design. 

37 The maximum activity that may be transported in a type B (U) package is that specified in 
the competent authority’s approval certificate for that package. 

38 The external dose rate from packages is subject to limitations which enable 3 categories of 
packages to be defined, regardless of whether they are of Type A or Type B (U): 

Category I — WHITE packages where the surface dose rate does not exceed 5 qSvh“^ 

(0.5 mrem h~^); 

Category II — YELLOW packages where the surface dose rate exceeds 5 /uSvh“^ (0.5 mrem h“^) 

but does not exceed 0.5 mSvh~^ (50 mrem h“^) and the dose rate at 
1 metre from the external surface does not exceed 10 pSvh“^ 

(1 mremh”^); 



*In this appendix the word ‘must’ is used to dfesfcribe the requirements of any of these documents. 
tDefined, for tran^ort, as having a specific activity exceeding 0.002 pCi (74 Bq) per gram of material in which 
the radionuclides are essentially uniformly distributed. 

$ After prescribed tests, a small loss of contents is permitted from type B (U) but not from type A. 
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Table A3 Activity limits for type A packages 



Radionuclide Mass number 

CURIES CURIES 



Americium 


241 


Arsenic 


74 




76 


Barium 


133 


Bismuth 


206 


Bromine 


77 




82 


Caesium 


129 




131 




137 


Calcium 


45 




47 


Californium 


252 


Carbon 


14 


Chlorine 


36 




38 


Chromium 


51 


Cobalt 


57 




58 




60 


Copper 


64 


Fluorine 


18 


Gallium 


67 




68 


Germanium 


68 


Gold 


198 


Indium 


111 




113™ 


Iodine 


123 




125 




131 




132 


Iridium 


192 


Iron 


52 




55 




59 


Krypton 


85 


Mercury 


197 




203 


Molybdenum 


99 


Phosphorus 


32 


Potassium 


42 




43 


Promethium 


147 


Radium 


226 


Rubidium 


81 




86 


Scandium 


47 


Selenium 


75 


Sodium 


22 




24 


Strontium 


85 




87™ 




90 


Sulphur 


35 


Tantalum 


182 


Technetium 


99™ 


Tellurium 


132 


ThaUium 


201 




204 



8 


0.008 


20 


20 


10 


10 


40 


10 


5 


5 


70 


40 


6 


6 


40 


40 


1000 


1000 


30 


20 


1000 


40 


20 


20 


2 


0.002 


1000 


100 


300 


30 


10 


10 


600 


600 


90 


90 


20 


20 


7 


7 


80 


80 


20 


20 


100 


100 


20 


20 


20 


10 


40 


40 


30 


30 


60 


60 


50 


50 


1000 


70 


40 


10 


7 


7 


20 


20 


5 


5 


1000 


1000 


10 


10 


1000* 


1000* 


200 


200 


80 


80 


100 


100 


30 


30 


10 


10 


20 


20 


1000 


80 


10 


0.05 


30 


30 


30 


30 


200 


200 


40 


40 


8 


8 


5 


5 


30 


30 


50 


50 


10 


0.4 


1000 


300 


20 


20 


100 


100 


7 


7 


200 


200 


300 


30 
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Table A.3 Continued 



Radionuclide 


Mass number 


A, 


A, 






CURIES 


CURIES 


Tin 


113 


60 


60 


Tritium 


3 


lOOOt (20$) 


lOOOt (20$) 


Xenon 


127 


70* 


70* 




133 


1000* 


1000* 


Yttrium 


90 


10 


10 


Zinc 


65 


30 


30 



• uncompressed 

f gas, activated luminous paint, absorbed on a solid carrier and tritiated water 
4: other forms 
Aj is for special form 
A 2 is for other forms 

The values of Aj and Aj in SI Units are obtained by using the conversion: 1 Ci = 37 GBq 

foOCi = 3.7 TBq 



Category III — YELLOW packages where the Category II limits are exceeded but the surface dose 

rate does not exceed 2mSvh“^ (200mremh“^) and the dose rate at 
1 metre from the external surface does not exceed 0.1 mSvh~^ 
(lOmremh"^). (Under ‘full load conditions’, that is to say when the 
consignor has sole use of the vehicle, the maximum dose rate is higher). 

Completed WHITE or YELLOW labels, of the prescribed type, must be affixed to two opposite 
sides of a type A or type B (U) package before transport. The transport index to be shown on a 
YELLOW label package is the dose rate in mrem h“^ at 1 m from the external surface. 

39 In regard to Category II and III YELLOW packages only, the total number which may be 
transported or stored together is limited by the transport index. Tables showing the distances by 
which radioactive packages are to be segregated from persons and undeveloped film are given in 
the appropriate regulations or codes of practice in terms of the sum of the transport indexes. In 
general, the sum of the transport indexes in a vehicle is limited to 50. 

40 Small quantities of radioactive materials and instruments and manufactured articles, such as 
clocks, electronic tubes or apparatus having radioactive material as a component part, may be sent 
in exempt packages if securely packed so that there can be no leakage of radioactive material 
under normal conditions of transport and if the activities do not exceed those shown in table A4. 
The marking ‘radioactive’ is required on each instrument or article, except for those which are 
radioluminescent, and on the inner packaging of radioactive material so that a warning of the 
presence of radioactive material is visible on opening the package. Articles made from depleted 
uranium (but not otherwise radioactive) may be sent in exempt packages if the outer surface of 
the uranium is covered with a substantial, inactive sheath. The dose rate at the surface of an 
exempt package must not exceed 5 juSvh”^ (0.5 mrem h~^) and that at 10 cm from the surface of 
an unpackaged instrument or article must not exceed 0.1 mSvh"^ (10 mrem h”^). 

41 Empty packages which have contained radioactive materials are exempt if they have been 
decontaminated internally and no WHITE or YELLOW labels are visible. Radioactive substances 
which are being carried in or about the body of a person for his medical treatment are exempt 
from all transport requirements. 

42 The removable radioactive contamination of the external surfaces of packages (including 
exempt packages) is limited to not more than 10“^ juGicm"^ (0.3 Bqcm“^) for alpha emitters and 
10"^ juCicm"^ (3 Bqcm”^) for beta or gamma emitters. These values apply to averages obtained 
over an area of 300 cm^. 

43 When WHITE or YELLOW label packages are transported there will usually need to be a 
consignor’s certificate, containing prescribed particulars of the consignment. This has to be given 
to the carrier or, if the consignor is carrying the goods, to the driver. Any relevant approval cer- 
tificates must also be given to the carrier (if he is not the consignor). The vehicle, unless it is of a 
type mentioned in para 46, must bear placards at the sides and rear. 

44 Packages containing radioactive materials may be conveyed by passenger or freight train but 
only in accordance with the relevant regulations. They are prohibited on the London underground 
system and in public service vehicles such as buses and coaches. 

45 For road transport, a fire proof notice must be exhibited in the driver’s cab, measures must 
be taken to limit the dose rate to the driver and there are restrictions on passengers. There are 
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Table A4 Activity limits for exempt materials, instruments and articles 





Instruments and articles 


Materials 


Nature of con ten ts 


Item limits 


Package limits 


Package limits 


Solids 

Special form 


10-2 




10-2 


Other forms 


10-2 


A, 


10-2 


Liquids 
Tritiated water 
< 0.1 Ci/I 






1000 Ci 


between 

0.1 Ci/1 and 1.0 Ci/1 







100 Ci 


>1.0 Ci/1 


- 


— 


1 Ci 


Other liquids 


10-2 Aj 


10-' Aj 


10-'' Aj 


Gases 

Tritium 


20 Ci 


200 Ci 


20 Ci 


Special form 


10-2 


10-2 A, 
10-2 


10'2 A, 


Other forms 


10-2 


10-2 Aj 



also requiiements regarding security and, if YELLOW label packages are being carried, on parking 
in pubHc places. The driver will need to be given instructions on action to be taken in the event 
of an accident such as a road accident or a lost or damaged package. This will include informing 
the poHce who can, if necessary, obtain radiological advice or assistance under national arrange- 
ments for incidents involving radioactivity (NAIR). 

46 There are simpiried arrangements for professional users who transport radioactive materials 
for medical use in private cars, vans, taxis and ambulances. Not more than 10 WHITE and/or 
YELLOW label packages, the sum of whose transport indexes does not exceed 10, may be carried 
in the vehicle. The goods must be properly packaged and labeUed but there is exemption from several 
other requirements of the Carriage by Road Regulations. For vehicles other than ambulances 
either the driver or a passenger must be experienced in the handling of radioactive materials and all 
the occupants of the vehicle must be at least 18 years of age. In the case of an ambulance, carriage 
of the material must have been authorised by a radiation protection supervisor and the material 
must be accompanied by a person acting under his instructions. Precautions must be taken against 
theft and against unnecessary radiation exposure. It is recommended that a notice should be 
exhibited in the vehicle although this is not a legal requirement under these arrangements. 

47 The transport of radioactive substances by post is, in general, prohibited. However, suitably 
packed materials, instruments and articles, having an activity not exceeding one-tenth of the 
package limits shown in Table A4, are admitted if the surface dose rate does not exceed 5 jj.Svh~^ 
0.5 mrem h . Containers and receptacles as well as information about the chemical nature of the 
radioactive substance must be referred to postal headquarters for approval. There are special mark- 
mg requirements for packages transported by post; these are different for inland post and overseas 
post. Packages sent by overseas post must be registered. 

^ Advice m respect of all modes of transport, except by post, for the whole of the United 
Kingdom can be obtained from the Head of the Radioactive Materials Transport Division. 
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Appendix 7 

Definition of 
terms 



Adequate protection: 



Approved laboratory: 



Bradiy therapy: 



Closed source: 



Controlled area; 



Controlling authority: 



protection which is intended to ensure that doses received 
are as low as reasonably achievable and in any case do not 
exceed the dose limits which are appropriate for the cat- 
egory of persons exposed. 

laboratory, approved by the Health and Safety Executive, 
wiiich provides a personal dosimetry and dose record 
keeping service for external and/or internal sources of 
radiation. 

intracavitary, interstitial or superficial radio-therapy using 
one or more closed radioactive sources. 

radioactive source from which, by sealing, bonding or other 
means, dispersal of the radioactive material is minimised. 
The term includes bonded source, homogeneous source, 
laminated source and sealed source. 

an area, subject to special measures for the purpose of 
radiation protection, to which access is restricted and 
inside which a person might receive an annual dose or 
committed dose, other than from natural background 
or medical exposure, exceeding three-tenths of the 
relevant dose limit for workers. 

body or person or persons ultimately responsible for the 
control of the establishment or the work which is the 
subject of these guidance notes. In the case of NHS 
hospitals, the controlling authority is: in England, a 
district health authority or board of governors; in 
Scotland, a health board; in Wales, a district health 
authority; in Northern Ireland, a health and social 
services board. 



Derived limit: limit derived from the basic or secondary limits of dose 

equivalent, committed does equivalent or intake by a 
defined model of the situation and which is intended to 
prevent the basic limits from being exceeded. Such limits 
include dose rate in a work place, contamination of air 
and contamination of surfaces. 

Direct fluoroscopy: fluoroscopy in which the image receptor is a fluorescent 

screen. 



Head of department: medical consultant, or non-medical scientist of equal 

standing, who is responsible for the proper functioning 
of the department. With regard to the organisation of 
scientific and technical services in National Health 
Service hospitals in England, see HSC(IS)1 6. 

High activity remotely-controUed equipment which is capable of trans- 

after-loading equipment: ferring one or more sealed sources from a storage container 

into prepositioned source applicators for brachytherapy 
and vice versa where the transferred sources give an absorbed 
dose rate in air exceeding 5 mGy h“^ (0.5 rad h"^ ) at one 
metre. 



Low activity remotely -controlled equipment which is capable of trans- 

after-loading equipment: ferring one or more sealed sources from a storage container 

into prepositioned source applicators for brachtherapy 
and vice versa where the transferred sources give an absorbed 
dose rate in air less than 5 mGy h"^ (0.5 rad h“ ^ ) at one 
metre. 



Minimum 
notifiable quantity: 



the activity of a radioactive substance above which work 
would have to be notified under Reg 5 if that substance 
alone were present and no previous notification had been 
given (see para 36 and Table 2),] 
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Occupancy factor: factor by which the workload may be multiplied for 

calculating protective shielding in order to take account 
of the degree or type of occupancy of the area to be 
protected. This factor should not be used when considering 
the designation of areas. 

Orientation factor: factor by which the workload may be multiplied for 

calculating protective shielding in order to take account 
of that part of the workload during which the radiation 
beam is expected to be directed to the area to be pro- 
tected. (This factor has formerly been known as the ‘use 
factor.) 

Patient: person who is undergoing medical examination or treat- 

ment. For purposes of radiation protection a person is a 
patient only during the intentional application of ionising 
radiation to him. 

Radioactive substance: strictly, any substance consisting of or containing a radio- 

nuclide; however, since even ostensibly stable substances 
contain trace amounts of radionuclides, a limit has been 
generally agreed below which the radioactivity can be 
ignored for most purposes. This limit is set such that a 
substance is considered to be radioactive if the activity 
concentration exceeds lOOBq (0.0027 /iCi) per gram of 
that substance; in the case of a chain of radionuclides, 
consisting of a parent and daughters, the only nucHde 
to be taken into consideration is that having the highest 
activity of those present. 

Note: This definition is not in the same terms as that 
used in the Radioactive Substances Act 1960 for 
the purpose of disposal of radioactive waste. 

Ready state: the state of equipment in which one further action in- 

cluding the actuation of a control with two consecutive 
functions) will initiate the emission of a radiation beam 
or the movement of a radioactive source away from its 
fully shielded position. 



Sealed source: 



any radioactive substance sealed in a container (otherwise 
than solely for the purpose of storage, transport or disposal) 
or bonded whoUy within material, the container or bond- 
ing having sufficient strength to prevent any dispersion of 
use. The term ‘sealed source’ includes the immediate 
container or the bonding. 



Supervised area: an area, not forming part of a controlled area, that is 

subject to appropriate supervision for the purpose of 
radiation protection, and inside which a person might 
receive an aimual dose or committed dose, other than 
from natural background or medical exposure, exceeding 
one-tenth of the relevant dose limit for workers. 



Workload: 



a measure in suitable units of the amount of use of equip- 
ment generating ionising radiation. For diagnostic X-ray 
equipment, it may be expressed in mA min per week; 
for radiotherapy equipment it may be expressed in units 
of kerma or absorbed dose per week in the radiation 
beam at one metre from the source. 



[Many of the terms used in these guidance notes are defined in draft chapters 88 1 and 882 of the 

Electrotechmcal Vocabulary. It is expected that these may shortly be published as 
standards m which case references will be given.] 
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Appendix 8 

Addresses of 
organisations 
mentioned in the 
guidance notes 



Health and Safety Executive 
25 Chapel Street 
London NWl 5DT 

Tel: 01-262 3277 

Department of Manpower Services 

Netherleigh 

Massey Avenue 

Belfast BT4 2JP 

Tel: Belfast 0232-63244 



Department of Health and Social Security 
Health Services Administration Division 
Hannibal House 
Elephant and Castle 



London SEl 6TE 



Tel: 01-703 6380 



Department of Health and Social Security 
Scientific and Technical Branch 
14 Russell Square 
London WCIB SEP 

Tel: 01-636 6811 



Scottish Horae and Health Department 
St Andrew’s House 
Edinburgh EHl 3DE 

Tel: 031-556 8501 

Scottish Health Service 
Common Services Agancy 
Scientific and Technical Branch 
Trinity Park House 
South Trinity Road 
Edinburgh EH5 3SH 

Tel: 03 1-552 6255 

Welsh Office 

Health and Social Work Department 
Pearl Assurance House 
Greyfriars Road 
Cardiff CFl 3RT 

Tel: Cardiff 0222-44151 



Department of Health and Social Services 

General Hospitals Branch 

Dundonald House 

Upper Newtownards Road 

Belfast BT4 3SF 

Tel: Belfast 0232-6501 1 



Radiochemical Inspectorate 
Department of the Environment 
Becket House 
Lambeth Balance Road 
London SEl 7ER 

Tel: 01-211 3000 

H M Industrial Pollution Inspectorate 
for Scotland 

Scottish Development Department ' 
New St Andrew’s House 
St James Centre 
Edinburgh EHl 3SZ 

Tel: 031-556 8400 



Ionising Radiations Regulations and approved 
code of practice (communications should 
normally be made through the local area office) 



Ditto in Northern Ireland 



Scientific services within hospitals in England. 
Administration of radioactive substance in UK 
(to be addressed to secretary of ARSAC) 



Radiological equipment in England and Wales 



Scientific services within hospitals in Scotland 



Radiological equipment in Scotland 



Scientific services within hospitals in Wales 



Scientific services within hospitals in 
Northei^i Ireland 



Storage of radioactive materials and disposal of 
radioactive waste in England 



Ditto in Scotland 
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Ditto in Wales 



Environment Protection Unit 
Welsh Office 
Pearl Assurance House 
Greyfriars Road 
Cardiff CFl 3RT 

Tel: Cardiff 0222-44151 

Alkali and Radiochemical Inspectorate 
for Northern Ireland 
Department of the Environment for 
Northern Ireland 
Stormont 
Belfast 

Tel: Belfast 0232-63210 

Department of Transport 
Radioactive Materials Transport Division 
2 Marsham Street 
London SWIP 3EB 

Tel; 01-212 3434 

Department of the Environment for 
Northern Ireland 
Stormont 
Belfast BT4 3SS 

Tel: Belfast 0232-63210 

The Post Office 

Postal Headquarters (PMkl) 

St Martin ’s-le-Grand 
London EClA IHQ 

Tel: 01-432 1234 

National Radiological Protection Board 

Chilton 

Didcot 

Oxfordshire 0X1 1 ORQ 
Tel: Abingdon 0235-831600 

National Radiological Protection Board 
Hospital Lane 
Cookridge 
Leeds LSI 6 6RW 

Tel: Leeds 0532-679041 

National Radiological Protection Board 
155 Hardgate Road 
Glasgow G51 4LS 

Tel: 041440 2201 

Northern Ireland Radiation Protection 
Services 

Belvoir Park Hospital 
Saintfield Road 
Belfast BT8 8JR 

Tel: Belfast 0232-642942 



Ditto in Northern Ireland 



Transport of radioactive materials in 
Great Britain 



Ditto in Northern Ireland 



Transport of radioactive materials by post 



General advice and services in the South of 
England and in Wales 



Ditto in the North of England 



Ditto in Scotland 



Ditto in Northern Ireland 
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